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Introduction 





This Self-Study Program (SSP) describes the design and function of the 3.0 liter Clean Diesel TDI Engine and 
exhaust gas aftertreatment system. 





When you have completed this SSP you will know the following: 


e Design and function of the 3.0 liter TDI engine 
e The limits established by the emission standards for diesel engines in various countries throughout the world 
e Which components are used in the exhaust gas aftertreatment system 


e The location and function of these On 3 AG. Volkswagen ag 
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Volkswagen Introduces ` the Cleanest Diesel Technology World 
Wide into Standard-Production a 


The systematic evolution of thé TDI resulted with the development of the world’s cleanest diesels. The core 
components of this current TD! combustion system development include: 
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e The fuel injection system 

— 29,000 psi (2000 bat) ) maximum injection pressure 
e Comprehensively impréved exhaust gas recirculation system 
e Optimized turbocharging 


e Integrated cylinder pressure control system 
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As a first step, improvements to these systems help to significantly reduce the engine's untreated emissions. 
In the second step, an active exhaust gas aftertreatment system reduces the nitrogen oxides emissions to 

a minimum. Thus, by combining € engine modifications with a new exhaust gas after-treatment system, the 
Clean Diesel system makes It possible to efficiently minimize emissions while at the same time reducing fuel 
consumption. oe | 
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Introduction 





Emission Standards 





The guidelines specify the following emission limits for gasoline and diesel engines: 


e Diesel engine particles 
e Unburned hydrocarbons (HC) 
e Oxides of nitrogen* (NOx) 


e Carbon monoxide (CO) 


Emission Limits 
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LEV =< Low Emission Vehicle 
ULEV = Ultra Low Emission Vehicle 
SULEV = Saper Ultra Low Emission Vehj@fe we 
BIN5 = Exhatiét standard tor Californiagand other US states 
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The term “BIN” comes from the fact that the exhaust gases are collected and analyzed In bags during the 


exhaust tests. Depending on the specified emission standard, calculations go from BIN10 down to BINb. 


Engine Mechanical 


Engine-Related Measures 


The 3.0 liter V6-TDI was based on and developed from 
the EU5 (European) engine. It is a modular extension 
of an existing engine with the following changes: 


e An optimized two-stage chain drive that lowers the 
chain forces and thus redtices the frictional losses. 

e An oil pump with flow rate-control and two 
pressure stages to reduce drive output required for 
lubrication 





High exhaust gas recireulation cooling performance 
is achieved by using a newsEGR system with 
aluminum module technology% his measure also 
reduces the pressure loss in the-exhaust gas 
recirculation path, which has a positive effect on the 
charge cycle and on fuel consumption. 


The injector system with a maximum tnjection 
pressure of 29,000 psi (2000 bar), optirmaized 
turbocharging, as well as a charge-air path with 

an integrated charge-air cooler bypass permits 
the optimized temperature management of the air 
path. The combustion chamber pressufe sensor 
tor cylinder pressure-based combustion is a new 
feature. 


Engine Mechanical 





Power Curves 





w Torque in Ib ft 
Doo] Power in HP 





1000 2000 3000 4000 5000 Engine Speed in RPM 


Specifications 


Output HP (kW) 225 (165) @.8500 - 4000 rpm 
Torque ib fttNm) (| 406 (650)-@ 1750 = 2260 rpm 
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Engine Mechanical 





Mechanics 


Crankcase 


The engine block is made of GGV-40 (vermicular 
graphite cast iron) with a cylinder gap of 90 mm. 


The cylinder bores undergo UV-photon honing 
for friction optimization and to minimize initial oil 
consumption. 


Note: 
UV photon honing involves using a laser beam 





EE to smooth the cylinder bores following honing. 


O The laser beam, which is applied at high force, 
melts down the remaining metal nibs in the 


Cran kshaft one-billionth range. A smooth cylinder bore is 
Ke achieved immediately in this way rather than 
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The crankshaft is forged from temperNaldened seal Sno, through the break-in process. 
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and Is supported by 4 main bearings. My. 
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The upper end of the coiinecting rods area 
trapezoidal design. The lower end of the connecting 
rods are cracked tosensure a precision fit and reduce 
movement of thesbearing cap under load. 
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The upper and fower bearing shells are not Identical 
In composition: The upper bearing shell is a two- 
component composite while the lower shell is a 
three- -comporgg nt composite bearing. 





325_030 


Pistons & 


Cast pistons witha cera arranged piston trough 
Theyare cooled by Injected engine oil via a 
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Engine Mechanical 





Balance Shaft 


The balance shaft is located in the inner V of the 
engine block. The shaft goes through the engine and 
the balancing weights are secured at the ends. 





Driven by chain drive D, the balancer shaft turns at 
crankshaft speed opposite the direction of engine 
rotation. 


325.076 





Retaining Frame 





A retaining frame made of GGG 60 {spheroidal 
graphite cast iron) supports the crankshaft and 
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Top Section of Oil Pan 


The division between the crankcase and the oil pan Is 
at the middle of the crankshaft. 


The two-section oil pan is made up of an aluminum 
oressure-cast top section and a bottom section made 
of steel plate. 
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Engine Mechanical 





Cylinder Head 


Four valves per cylinder ensure optimum charging The acoustics of the unit benefits from the use of 
of the combustion chamber. In the V6 TDI, the the rollertype cam followers. These, together with 
valves are actuated by rollertype cam followers with the tensioned and play-compensated camshaft drive 





hydraulic valve clearance compensation. gears, reduce the mechanical noise of the valve train. 












b Cylinder Head Cover Seal 
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2 Camshafts 


The camshafts are manufactured from precision steel 
bing using the IHU method.* 


goxcagh PUP 


cos 


= 


Thesexhaust camshafts are driven by the intake 
camshafts by straight-toothed spur gears. 
Lo 
2 
* IHU — Intetnal High-pressure recasting] 
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Cylinder Head 
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Engine Mechanical 





Tooth Profile Clearance 
Compensation 


The spur gear of the exhaust camshaft (driven spur 
gear) comes In two parts. The wide spur gear Is held 
on the camshaft through spring actuation and has 
three ramps at the front. 


The narrow spur gear has the corresponding grooves 
and Is capable of both radial and axial movement. 
This is done to eliminate backlash between the 
gears. 


Spur Gears 
















Belleville Spring 
Washer 
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_engatined axial force is produced via a Belleville 


ow KEN ES spring Washer, where the axial movement Is 
oo converted at the same time into a rotary movement 
Note: A with the help of thēzamps; This offsets the teeth 


Please refer to the Current service literature 
for assembly instructions. 


of the two driven spur'gears, which in turn affects 
tooth clearance compensation. 
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Clearance Compensation b 
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Engine Mechanical 





Chain Drive Valve Train Assembly 


The chain drive has been designed to minimize the Chain Drive D is modified in the balance shaft area 
loss to inner friction. Chain Drive B on the camshaft making it possible to enlarge the engagement of the 
drive of Cylinder Bank 1 has been reshaped to chain on the gear wheel. Chain Drive D drives the 
increase the contact ratio of the camshaft gear that balance shaft at crankshaft speed against the normal 
is now larger. At the same time, the gear ratio of the rotation of the engine. 


drive is modified making it possible to reduce the 
effort required for operation. 
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New Camshaft Drive B O 







New Chain Drive D 


Balance Shaft 


Crankshaft 





Oil Pump Drive 
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Gold Chain = Old Chain Drive from 
Silver Chain = Current Chain Drive 
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Engine Mechanical 
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Flow Rate-Controlled Oil Pump 4, 
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L 
The use of a flow rate-control system reducés the Both oil flows are now acting with identical pressure 





required drive output of the oil pump. S upon both control surfaces. 
S 

A vane pump Is used in the new 3.0 liter V6-TDI The forces resulting from this are higher than those 3 
engine; its delivery characteristics can be changed of the control spring and they cause the adjustment 3 
via a pivoted adjustment ring. This adjustment ring ring to swivel counterclockwise. o 
can be loaded with oil pressure via Control Surfaces = 
1 and 2 and swiveled against the force of thexcontrol The adjustment ring turns into the center of the a 

$ 


vane pump and reduces the supply space between 
the vanes. The lower pressure level is switched 
depending on the engine load, engine speed, oll 
temperature, and other operating parameters, y 


spring. The ECM connects ground to the energized 
Oil Pressure Regulation Valve N428 in the lowers 
RPM range, and the solenoid valve opens the oll eS 
duct leading to the second control surface of the oe 
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adjustment ring. Ea reducing the drive outp the oil pump. oe 
Yup. a oe 
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Oil Pressure Regulation 
Valve N428 


Oil Pressure Switch 


Crankshaft Oil Duct 


Low Delivery Rate 


Control Surface 1 







Adjustment Ring 


Applied Oil Pressure 
from the Crankshaft 
Oil Duct 


Delivery Chamber \ 


Vanes ) 


Control Surface 2 428 006 


Control Spring 
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Engine Mechanical 





















High Delivery Rate sagen AG: Volkswagen aG o 
JO 
Starting at an engine speed of 2500 RPM or a torque ote control spring swivels the uiteen ring 
of 300 Nm (wide open throttle acceleration), Engine N; clockwise around the mounting flange. Théo. 
Control Module J623 disconnects Oil Pressure & adjustment ring now swivels out of the center’, 
Regulation Valve N428 from the ground connectign position and increases the delivery space between 
thus closing the oil duct to Control Surface 2. Š the individual vanes. % 
È “4, 
. . : 2 oe: ; : 5 
The applied oil pressure is now acting on Control More oil is delivered by increasing the spaces $ 
Surface 1 only and acts with a lower pressure against between the vanes. A resistance builds up against % 
the force of the control spring. = the higher oil volume flow due to the oil bores and S 
$a ; a 
g the bearing clearance of the crankshaft, which lets = 
; : : ; A e 
z the oil pressure increase. This makes it possible to = 
V) O 
9 implement a flow rate controlled oil pump with two 5 
O 6 
De-energized Solenoid =. pessu pes. 9 
5 5 
‘O o° 
A Oil Pressure Curve @ 212°F (100°C) 3 
1725 [Ss = 
= 
= ş 
5 65.2 (4.5) — — X 
= 
m= 58.0 (4.0): 
T 
Aĉ. 
® 50.8 (3.5); 
iB 
a (3.0). 
= 308 
T .3 (2.5); 
O 
29.0 (2.0) Aa a a T =f 
750 1000 1500 ia 2500 3000 3500 4000 4500 4750 
Oil Pressure PSI (bar) TE 
= Solenoid Valve Closed 
=—— Solenoid Valve Open (current applied) 
Control Surface 1 Adjustment Ring at 
Maximum Delivery 
Mounting Flange 
Delivery 
Chamber 
Control 
Surface 2 
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Engine Mechanical 





Air Intake 


Intake Manifold with Butterfly Valves a 


Butterfly valves that can be regulated e7 are 
integrated into the intake tract. Thesean be used 
to adapt the air movement according to the current 


engine speed and load with regard to emissions, 
consumption and torque/power.< T 


& 
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Exhaust Gas Recirculation Flow 


Intake Pipe 


Butterfly 
Valves 


Exhaust Gas Recirculation: 


This involves high-pressure exhaust gas recirculation 


The entry of exhaust gasses into the intake tract 


counters the intake air flow, resulting in a constant 
mixture of fresh air and exhaust gas. 


Note: 


The throttle and butterfly valves are opened in 


coasting mode to check the air flow sensor and 
balance the oxygen sensor. 





Electric Butterfly 
Valve Adjuster 
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Za 
The butterfly valve adjuster with potentiometer 


reports the current position of the butterfly valve 
back to the ECM. R, 


Exhaust Gas Recirculation Unit 
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Throttle Position Adjuster: 


The throttle is closed in order to stop the engine. This 


reduces the compression effect and achieves softer 
engine coasting. 


In addition, the exhaust gas recirculation rate can be 
increased through targeted, map-controlled closure 
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Engine Mechanical 





Butterfly Valve Closed 


Butterfly Valve Open 
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Tangential Pipe 


Swirl Duct 
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To optimize the torque and combustion, a closed To optimize performancë and combustion, an open 
swirl duct increases the swirl at low loads. swirl duct allows a higs level of cylinder charging at 
O high loads. S 
When the engine is Started, the butterfly valves are È 
open and are only‘ Closed again at idle speed (duty The butterfly vas are always completely open at a 
cycle: approximately 89%). speed of approximately 2,/50 RPM or higher. 
f eo 
“Y6 Q 






Continuous opening is períaéfeg from idle speed tO. The biltert valve is also open both at idle speed 
approximately 2,750 RPM (duty cyclé°approximately. gy vasea a during coasting. 
20%). 


Note: 
A replacement adjuster must be adapted with the Scan Tool to synchronize it 
with the butterfly valves. 
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Engine Mechanical 





Exhaust Gas Recirculation (EGR) 


The EGR system combines the EGR coolers, EGR 
valve, and EGR bypass in a single component. 


Due to the higher exhaust temperatures in the 
upper partial load range, increased EGR cooling 
performance becomes necessary. 


The exhaust gas recirculation path consists of the 
following: micro-catalytic converter, additional cooler, 
and cooler for exhaust gas recirculation temperature 
sensor, and electric water-cooled exhaust gas 
recirculation valve. 


A separate cooling channel is integrated into the 
housing on the valve side to cool down the bypass 
flap and the EGR valve. 


To prevent deposits in the EGR path, especially 
during operation with low-quality fuels with high 
aromatic hydrocarbon contents, a metal micro- 
oxidation catalytic converter is located at the 
beginning of the EGR path. 


Throttle Valve 


EGR Temperature 
Sensor G98 


Bypass Flap 


Additional Exhaust Gas 
Recirculation Cooler 
Connected in Series 





Exhaust Gas Recirculation (EGR) 
Motor V338 
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To obtain the lowest possible temperatures for the 
recirculated exhaust, the exhaust gas recirculation 
cooler is connected to a separate low temperature 
coolant circuit (described on the following pages). The 
coolant is extracted directly at the radiator outlet and 
delivered to the exhaust gas recirculation cooler by 
an electric pump. The additional cooler is connected 
to the engine cooling circuit and makes It possible to 
nearly double the cooling performance. 


Both the EGR Cooler and the additional EGR Cooler 
connected in series have bypass flaps. This allows 
the demand controlled adjustment of the EGR 
cooling performance at specific load points. To reduce 
the carbon monoxide and hydrocarbon emissions, 
the flaps are set to bypass position (the exhaust gas 
does not go through either cooler) during the engine 
warm-up phase. 
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Exhaust Gas», 
Recirculation Cooler 
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Metal Micro-Oxidation 
Catalytic Converter 


Bypass Flap 
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Engine Mechanical 


Switchable Exhaust Gas 
Recirculation Actuator 


The cooling a nce of the exhaust gas 
recirculation copler leads to a clear reduction in 
particle and nitregen emissions. The diagrams below 
and on the next page show the efficiency of the 
exhaust recirculation, system in two selected partial 
load points. 





Particles 
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Flow Through Exhaust Gas 
Recirculation Cooler — Additional 
EGR Cooler Bypassed 


5 


O° 


When the engine Is In partial load operation, the 
bypass of the additional EGR cooler is open (exhaust 
gas does not flow through it). The bypass of the EGR 
cooler is closed and exhaust gas Is directed through 


the cooler. S 


x% 


V 
The bypasssflap for the EGR cooler is opened at 
approximately 1750 RPM. It is controlled by the ECM, 


‘OV used on mapped values. 





Bypass Flap 
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0 5 10 15 20 25 


NOx (g/h) 


sosseeeseee Earlier EU4 Standard 
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Engine Mechanical 





Flow Through Additional EGR 
Cooler — Flow Through EGR Cooler 





The additional cooler is opened with increasing 

load and resulting higher exhaust temperatures; 

thus both EGR coolers are in cooling mode. This 
allows an increase of the EGR rate. The exhaust gas 
temperatures are lower and nitrogen oxide emissions 


are further reduced. 


Exhaust Gas 
Recirculation Cooler 
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Bypass Flap 
The bypass flap for the 
additional EGR cooler is 
opened at approximately 








5 2200 RPM. It is controlled 
2 by the ECM, based on 
8 mapped values. 
2 428 048 
5° 
D 
0 50 b 100 150 200 250 Additional EGR Cooler 
A NOx (g/h) i 
Z 9 
ssuseneeee Earlier EU4 Standard == == == EGR with Cooler EU6 Ss 
O D 
EGR/Çooler and Additional EGR A 
CoolerEU6/Bin 5 
YO, 
A 
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Engine Mechanical 
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Cooling System l 
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14 
m Heated Coolant = Cooled Coolant 
1. Engine Coolant Temperature (ECT) Sensor G62 15. Fuel Cooler Pump V166 
2. Bleeder Screw 16. Check Valve 
3. Additional Exhaust Gas Recirculation Cooler 17. Ra r 
4. Exhaust Gas Recirculation Cooler i 18. En Coolant Temperature (ECT) Sensor (on 
5. Change-Over Flap For Exhaust Gas Recirculation Radiator) G83 
6. Heater Core 09 19. Bleeder Screw 
7. From The Heater Core 20. Coolant Regulator For Exhaust Gas Recirculation 
8. To The Heater Core 21. Coolant Thermostat 
9. Cylinder Head Bank 2 (Left) 22. Exhaust Gas Recirculation (EGR) Cooler Pump V400 
10. Fuel Cooler (Fuel/Water) 23. Alternator 
11. Bleeder Screw 24. Engine Oil Cooler 
12. Coolant Regulator For Exhaust Gas Recirculation 25. Cylinder Head Bank 1 (right) 
13. Water Pump 26. Coolant Expansion Tank 
14. Cooler For Fuel Cooling (Water/Air) 27. Cap For Coolant Expansion Tank 
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Engine Mechanical 





Exhaust Gas Recirculation 
Cooling 


The exhaust gas recirculation radiator has its own 
low-temperature cycle in the cooling system. 


Exhaust Gas 


Exhaust Gas $% Recirculation 
Recirculation = Cooler 
(EGR) Cooler 





Pump V400 


Thermostat for 
Engine Circuit 





Exhaust Gas Recirculation 
Thermostat for Thermostat (Opens when Cooler 
EGR Circuit Output Temperature Exceeds 158F 
(70C)) 


Fuel Cooling 





Exhaust Gas Recirculation Cooler Pump V400 
activates after engine start and supplies the 

EGR with cold water diréctly from the radiator. 
The coolant regulator fer the EGR controls the 
temperature in the EGR at a constant 131F (55C) 
independently from the outside temperature. 


The additional EGR cooler is connected In series 
to the main cooler. This additional EGR cooler is 
integrated into the engine cooling system circuit 
which is controlled at a temperature of 188F (870). 


Additional Exhaust Gas 


= _ Recirculation Cooler Connected in 


Series 


, <A From Engine Cooling Circuit 
I === To Heater Core 
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Coolant Supply from Expansion Tank 


Fuel Return Line 
from Injector 
System 


Fuel Cooler 


(Fuel to Water) Fuel Cooler Pump V166 


At high loads, the diesel fuel must be cooled to 
ensure injection quantity accuracy and to stay within 
exhaust emission limits. 


The fuel pump cooling runs at engine start. 






Cooler for Fuel Cooling 
(Water/Air) 
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Vatiable Vane Turbocharger 
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The 3.0L V6 TDI in the Touareg uses the well-known 
Evariable- -vane turbocharger. 


rip 
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| Advantages 


OS ses In 


A High engine output is available at the bottom end 
% of the speed range since the exhaust gas flow is 
% regulated by the adjustable vanes. 
° The lower exhaust gas back-pressure in the 
turbine reduces fuel consumption at the top end 
of the speed range and also | Improves bottom-end 


power usput 





an optimum char {ep pressure and improved: nen?” 


Ol, q 


combustion is attained across the full Speed 


range. 


Adjusting Ring 


Support 
Ring 


Vanes 
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Control Linkage 
Guide Pins 
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Engine Mechanical 





Tu rb oc h al rg i n oj wi x h Cc ha a rge- a i r | Sar, Turbocharger (TC) 1 Control 
a So, Module J724 
Pa t h oe wa 


The small size of tte compressor and turbine allows 
a high level of response with only a slightly reduced 
maximum outgit 


Optimized mounting of the turbine shaft reduces 
frictional losses with cold engine oil during the warm 
up phase an causes, especially at high elevations 


and at cold ambient conditions, a more spontaneous 
O , 
response "ee 
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A tlow silené&r on the suction side and a dual- Air Guide Vanes 
chamber flow? silencer on the compressor 
outlet prevent flow noise associated with high 
supercharging pressures, 


Dual-Chamber 
Flow Silencers 


Exhaust GasTemperature(EGT) Sensor 1 G235 
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Charge-air Cooling with Integrated Charge-a air ee Bypass 


fo 


Controlling the charge-air eme ‘eontributes ow ve BeN Aë the charge-air coolers are highly efficient 

to ensuring consistently low emissions at varying and they cool the compressed charge-air to 

ambient temperatures. near ambient temperatures (at low outside 
temperatures), a bypass is integrated into the air 
path for bypassing the charge-air cooler. 


Throttle Valve 


Three-way Tube 











Turbocharger 


Left Charge-air Cooler 
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Charge-air Cooler Bypass 428 015 
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Engine Mechanical 





The bypass flap element consists of the flap housing and two flaps that are mounted at 90° angles on a common 
shaft. They permit continuous mixing of cooled air from the two charge-air coolers and heated air from the 
turbocharger. In the final positions of the flap, either only the heated air from the turbocharger or the cooled down 
air from the charge-air coolers is delivered into the intake manifold. 


The advantage of variable charge-air mixing is that the intake air temperature can be regulated to the desired 
specified value depending on the characteristic map through a variable mixture ratio. This permits constant 
thermodynamic boundary conditions for low-emission and low-consumption combustion. 


The Charge-air Pressure Sensor G31 with integrated Intake Air Temperature (IAT) Sensor G42 senses the charge- 
air temperature. It is installed just upstream of the throttle valve in the pressure hose. 


a N janes — 10, Ç „Bypass Flap Element 
a To the Intake Manifold 






Cold Engine, Low Outside 


S Compressed and 
Tem perature Ò Heated Air from 
S the Turbocharger B. 
The heated chargé-air, coming from the turbocharger ce 


over the three-way tube, is delivered directly through 
the bypass flap.to the intake manifold. 


This allows the-oxidation catalyst, the particle filter, 
and the exhaust cleaning systems to activate quickly. 


Engine Under Load, High Outside 2 Ty the Intake Mantfold 
Temperature © 


the characteristic map, the amount of cooled charge- 
air is delivered to the intake manifold through a 
defined position of the bypass flaps. ~” 


Starting at approximately 7750 RPM, depending on a 


By closing the bypass flap, the direct path of the 
charge-air to the intake manifold is closed. The 
charge-air is directed to the intake manifold through 
the charge-air cooler. 


Cooled Air from the 
Charge-Air Cooler 
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Common Rail Fuel Injection 


System 

The common rail fuel injection system is a high- This fuel injection system's characteristics include: 

pressure accumulator fuel injection system for diesel 

engines. e The injection pressure can be selected almost 
infinitely and can be adapted to the engine's 





operating status 
e A high injection pressure up to a maximum of 
29,000 PSI (2000 bar) enables optimal mixture 


The term “common rail” means that all of 
one cylinder bank's injectors have a common, 


high-pressure fuel accumulator or rail. 
formation 


e A flexible fuel injection process, with several pilot 
and secondary injection processes 
The common rail fuel injection system offers many 


In this injection system, pressure generation and fuel 
injection are separate. The high pressure required for 
injection Is generated by a separate high-pressure 


pump. This 1E PEES IG IS aod in a high-pressure . gen REIS KARARAtING the injection pressure and the 
accumulator (rail) and is made available to the en? a Á Jags | 
a Shee ease ei wow injection process the Paon 's operating status. It 
injectors via short inj AP Ke is designed to meet the Suer i increasing requirements 
Q 
S for low fuel consumes lowexhaust emissions, 
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Fuel System 
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Fuel Metering Valve N290 
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Auxiliary Fuel Pump V393 
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Fuel Pressure Sensor G247 


i O O 





Fuel Injectors 4 - 6 
N33, N83, N84 







(0) 
Fuel Pressure Regulator Q 
Valve N276 a 


Fuel Injectors 1 - 3 
N30, N31, N32 








Fuel Cooler 
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High-pressure Pump CP4.2 


The new high-pressure pump CP4.2 operates with an 
injection pressure of approximately 29,000 psi (2000 
bar). 


The pump is supplied with fuel by the Auxiliary Fuel 
Pump V393 downstream of the Transfer Fuel Pump 
(FP) G6. Two pump pistons are actuated alternately 
by the camshaft (two lobes). 





Fuel Metering Valve N290 


High-Pressure Port 1 
Inlet Valve 






Fuel Return 
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High-Pressure Piston 





Fuel Feed 


Roller Shoe 
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& High-Pressure Port 2 
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Camshaft with Double Cam o 
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The benefits-of the new high-pressure pump are: o 
D 3 
2 
e Produces fail pressures of up to 29,000 PSI (2000 8 
bar) $ ç 
© 
e Has been a adap pted to deal with fuel quality issues È 
= 
e Less force f oÈpr ressure generation thanks to roller ş 
plunger % Ù 
Lr O 
e Uniform stress onthe pump toothed drive belt S 
Y 
e Greater efficiency thdoks to volume control on the j= x 
suction side viaN290 ~ %5, F Q 
. ; “0, po 
e Self-lubricating Nba 
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High-Pressure Area 


The fuel enters the high-pressure area of the engine 
through the Fuel Meto rn AGNK MABE AG a, 


NOE SSS hoy 
The pump, piston | Is moved upward and downwartftey, 
the cans on the pump drive shaft. Son 
Ñ o 
D D 
Z, 
A 


Exhaust Valve 


Fuel Metering 
Valve N290 
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Connection to a 
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Intake Stroke 


The downward motion of the pump piston increases This results in a pressure differential between the 
the volume of the compression space. fuel in the high-pressure pump and the compression 
en AG. Vaen AG 
JNS a does Not o 
ò N 
„cÒ : fh . 
roy The intake valve opensvand fuel flows into the 
> On 


compression space. 






Intake Valve 


Compression Space 


Pump 
Piston 
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Delivery Stroke 

With the beginning of the upward motion of the As soon as the fuel pressure in the compression 
pump piston, the pressure in the compression space Space exceeds the pressure in the high-pressure 
increases and the Intake valve closes. area, the exhaust valve (check valve) opens and fuel 


enters the high-pressure accumulator (rail). 











Connection to the High- 
Pressure Accumulator (Rail) 


Exhaust Valve 


Pump Piston 
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The high-pressure pump is supplied fuel by Auxiliary Fuel Pump V393. At high engine speeds, the pump can 
deliver more fuel than the injectors can deliver. Fuel Metering Valve N290 helps reduce power consumption and 
unnecessary fuel heating. N290 is open when not powered. It works In conjunction with Fuel Pressure Regulator 


Valve N276 to regulate delivery and pressure. 


Overflow Valve 


The fuel pressure in the low pressure area of the high- 
pressure pump is regulated by the overflow valve. 


V393 delivers fuel from the tank at approximately 73 
PSI (5 bar) to the high-pressure pump. The overflow 
valve regulates the intake fuel pressure in the high- 

pressure pump at approximately 62 PSI (4.3 bar). 


The fuel delivered by the additional fuel pump works 
against the piston and the piston spring of the overflow 
valve. At a fuel pressure above 62 PSI (4.3 bar,) the 
overflow valve opens and allowing for return of the 
fuel. 


403_111 
The excess fuel flows via the fuel return line into the 


fuel filter. 
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Fuel Pressure Sensor G247 


The Fuel Pressure Sensor G247 is located on the 
cylinder bank 2 high-pressure accumulator (rail). 
It determines the current fuel pressure in the 
high-pressure area. 


Function 





The Fuel Pressure Sensor G247 contains a sensor 
element, which is comprised of a steel membrane 
with expansion measuring strips. | 





Fuel Pressure Sensor G247 


428_022 
The fuel pressure reaches the sensor ‘element via the 
high-pressure connection. 2 


In the event of a change in pressure, the steel 
membrane deflection changes, as does; the 
resistance value of the expansion measuring Strips. 


The evaluation electronics calculate a voltage from 
the resistance value and transmit this to the-Engine . 

Oo Electrical 4 
Control Module. A Connection ~~ 


Evaluation 
Electronics 


A characteristic curve stored in the Diesel Direct Fuel, E 
Injector(DFI) Engine Control Module (ECM) J248 is Ao, > 
used to calculate the current fuel pressure. ee . 





Expansion 


Effects of Failure Measuring Strips 


In the event of Fuel Pressure Sensor G247 failure, the 
ECM employs a fixed, substitute value for calculation 
purposes. The engine output Is reduced. 








Steel Membrane 
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High-Pressure 
Connection 
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High-Pressure Accumulator (Rail) 


A high-pressure accumulator (rail) is installed for each engine cylinder bank. The high-pressure accumulators 
are forged steel pipes. They have the task of storing the fuel required for injection for all of the cylinders at high 


pressure. 
Design 


The high-pressure accumulators are connected to 
each other by a pipe. The fuel inlet connection trom 
the high pressure pump, the connections F the 


injectors and the Fuel Pressure Regulator V3 IVE AF276 o0, es, 


are located on the cylinderbank 1 high-pressure 


accumulator. Xe 


\~ 
ow 
-0 


The fuel inlet gonnections trom the connection 
pipe, the connections to the injectors, and the Fuel 
Pressure Sensor G247 are located on the cylinder 
bank 2 high pressure accumulator. 


Function 


The fuel in the high-pressure accumulators is 
constantly at a high pressure. When fuel is drawn 
trom the high pressure accumulators for injection, 
the pressure within the high-pressure accumulators 


! ‘remains virtually constant due to their large storage 


volurhe, 


an 
Cry 


The pressure, fluctuations that arise due to 

the pulsating foel supply to the high-pressure 
accumulator fror the high-pressure pump are 
minimized by the high- pressure accumulator’s large 


® 


Storage volume. 5 


< 
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Fuel Temperature Sensor G81 


The fuel Temperature Sensor G81 is located in the 
fuel Supply pipe to the high-pressure pump. G81 is 
used to determine the current fuel temperature. 


rt ori 


Sign al Usage 


ECM uses the Fuel Temperature Sensor G81 
al to calculate the fuel density. 


dong 


This Serves as a correction variable to calculate the 
injection quantity, to regulate the fuel pressure in 
the high pressure accumulator, and to regulate the 
quantity inlet, to the high-pressure pump. 

“ee. i 
To protect the high-pressure pump against p 
excessively high fuel temperatures, the Fuel ah VON 
Temperature Sensor G81 is Bate d | in the N 
system. In the event of excessively high temperatures 
in the fuel supply system, the engine's output is 
limited in order to protect the high-pressure pump. As 
a result of this, the quantity of fuel to be compressed 
in the high-pressure pump is also indirectly reduced 
and the fuel temperature is lowered. 





Effects of Failure 


351_031 


In the event of Fuel Temperature Sensor G81 failure, 
the ECM employs a fixed substitute value for 
calculation purposes. 
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Pressure Retention Valve 


The pressure retention valve is a purely mechanical 
valve. It is located between the return pipes trom the 
fuel injectors and the fuel system fuel return. 


Pressure 
Retention 
Valve 
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The pressure retention valve maintains a fuel er During engine operation, fuel flows from the fuels 
pressure of approximately 145 psi (10 bar) in the ey Injectors to the pressure ntion valve through the 
injector fuel return. This fuel pressure is required for ” 2egturn pipes. At a fuel préssure in excess of 145 psi 
fuel injector function. (1 Bar, the ball is lifted its seat i¢ounter to the 


Return from the 
Fuel Injectors 
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NS 
pressure spting force. The fuefflows through the 
open valve into the fuel return to the fuel tank. 


a 


=> Return to the Fuel Tank 
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Pressure Sprin 
p g 351_071 


Ball 


Fuel System 











& ES 
Control of the Fuel High Pressure % 
N % 
S 6. 

In the common rail injectionssystem, the fuel high Control by the Fuel Metering Valve N290 
pressure Is controlled by aso-called two-controller With large injection quantities and high rail pressures, 
concept. 3 the high fuel pressure is controlled by, the Fuel 

£ Metering Valve N290. This effects a dêmand- based 
Depending on the operating conditions, the high fuel regulation of the fuel high pressure. The power 
oressure Is regulated either by the Fuel Pressure consumption of the high-pressure pump is reduced 
Regulator Valve N276 orsthe Fuel Metering Valve and unnecessary heating up of the fuebis avoided. 
N290. The valves are actuated by the Engine Control G 
Module (ECM) J623 witlra pulse-width modulated Control by Both Valves = 
(PVVMI) signal. $ In idling, in trailing throttle condition and with small 

% injection quantities, the fuel pressure is controlled 

Control by the Fuel Pressure Regulator Valve N276 by both valves simultaneously. This enables precise 
At engine start and for preheating of the fuel, the control, which improves idling quality and the 
high fuel pressure is controlled bythe Fuel Pressure transition into trailing throttlescondition. 
Regulator Valve N276. To heat up théefuel quickly, the a 
high-pressure pump delivers and compresses more we 
fuel than is needed. The excess fuel is dischatged Py genre ™ 


10 
the Fuel Pressure Regulator Valve N276 into the fuel d 
return. 


Two-Controller Concept 


Control of Fuel High Pressure by Fuel Pressure 
Regulator Valve N276 


Control of Fuel High Pressure by Fuel Metering 
Valve N290 


Injection Quantity 


Control by Both Valves 
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Engine Speed 
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Fuel Metering Valve N290 





Fuel Metering Valve N290 Is integrated in the high- Through the PWM signal the Fuel Metering Valve 
pressure pump. It ensures demand-based control N290 is closed cyclically. Depending on the duty 

of the fuel pressure in the high-pressure area. The cycle, the position of the locking piston changes as 
Fuel Metering Valve N290 controls the fuel quantity does the amount of fuel into the compression space 
that is needed for high-pressure generation. This of the high-pressure pump. 

represents an advantage, in that the high-pressure 

pump must generate only the pressure needed Effects of Failure 

for the momentary operating situation. The power Engine power is reduced. Engine management 
consumption of the high-pressure pump Is reduced operates in emergency mode. 


and unnecessary warming up of the fuel is avoided. 


Function 


The non-energized state the Fuel Metering Valve 
N290 is open. To reduce the feed quantity to the 
compression space, the valve is actuated by the 
Engine Control Module (ECM) J623 with a pulse- 


. TYT To the Compression 
width modulated (PWM) signal. n Space 





Feed from 
Pump 
Interior 


-mty varriwvw ~ 
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Fuel Pressure Regulator Valve 
N276 


The Fuel Pressure Regulator Valve N276 Is located on 


. i . Fuel Pressure Regulator 
the cylinder bank 1 high-pressure accumulator (rail). Valve N276 = 






















The regulator valve is used to adjust the fuel pressure 
in the high-pressure area. To do this, It Is initialized 
by the ECM. Depending on the engine's operating 


status, the pressure is between 3,336 and 29 QOL. Vokswage Ae 
PSI (230 and 2000 bar). NOE 


If the fuel pressure in the highsbressure area Is too 
high, the regulator valve opens, causing some of the 
fuel in the high- pressure accumulator to enter the 
fuel tank via the fuel eum 

oS 
If the fuel pressure if the high-pressure area is too 
low, the regulator valve closes, thereby sealing the 
high pressure areacat the fuel return. 
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How it Works 

In contrast to conventional control valves in common 
rail injection systems, the Fuel Pressure Regulator 
Valve N276 Is open in the non-energized state. 


Fuel Pressure Regulator Valve N276 in Rest 
Position (Engine “Off” ) Valve Springs 
If the Fuel Pressure Regulator Valve N276 is not 
activated, the pressure regulator valve is opened 
by the valve springs. The high-pressure area is 
connected to the fuel return. 


This ensures volume compensation between the 
high-pressure and low-pressure areas. Fuel vapor 

lock, which can occur during,theré6oh down WiRHG co... 
engine standstill in the igh: pressure accumulator On, 
(rail), is avoided and the Startup properties of the 

engine are improved. 





% 
Q Ox S403_033 
ó % 
8 T% 
Fuel Pressure Regulator Valve N276 Activated ó, 


(Engine “On”") 

To set an operating pressure of 3,336 to 26,107 psi 
(230:to 1800 bar) in the high-pressure accumulator, 
the-Fuel Pressure Regulator Valve N276 Is actuated 
by the Engine Control Module (ECM) J623 with a 
pulse-width modulated (PWM) signal. Upon actuation 
a magnetic field is generated in the solenoid coil. 
Thévalve anchor is tightened and presses the valve 
needle into its seat. A magnetic force opposes the 
fuel 6 pressure in the high-pressure accumulator. 
Depending on the duty cycle of the actuation, the 
flow cróss- -section to the return line and the exhaust 
quantity ischanged. This also allows fluctuations In 











the pressure the high-pressure accumulator to be Ss S403_034 
compensated. “ 

7 

ro 
Effects of Failure 7815610, 





If the Fuel Pressure Regulator Valve N276 fails, 
the engine cannot run because adequate high fuel 
pressure cannot be developed for injection. 
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Fuel Injectors (Injection Valves) 


The fuel injectors are installed in the cylinder head. In comparison with solenoid valve-contrólled 

They have the task of injecting the correct quantity injectors, piezo technology has approximately 190% 
of fuel into the combustion chan§bers at the correct less moving mass at the injector needle. 

time. S c 


© This results in the following advantages: 
The 3.0L V6 TDI engine has piézo-controlled 





fuel injectors. Piezo injector switching speed is e Very short switching times D 
approximately four times faste£ than that of a e Several injections per working cycle are possible 
solenoid valve. 5 O 


e Precise injection quantities 


“Structure of an Injector 


Fuel Inlet (High-Pressure Connecti 














Electrical Connection 





= 


Pin-Type Filter 





Fuel Return 


Piezo Actuator 


Connecting Plunger 






Valve Plunger 


Valve Plunger Spring 


Switching Valve 


Nozzle Spring 
Sealing Ring — | 


Injector Needle 
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Injection Process 





The very short switching times of the piezo- At higher loads and engine speeds only one pilot 

controlled fuel injectors enable flexible and precise injection is triggered in order to reduce exhaust 

control of the injection phases and injection emissions. 

quantities. As a result, the injection process can be 

adapted to engine operating requirements. Up to No pilot tnjection.takes place at full throttle and high 

tive partial injections can be carried out in a single engine speeds, becawWse¢.a large quantity of fuel has 

Injection process. to be injected to achieve áigh level of efficiency. 

Pilot Injection Main Injection 

A small quantity of fuel is inject&d into the Following pilot injection, the main injeGtion quantity 

combustion chamber prior to main injection. This is Injected into the combustion chamber following 

leads to a rise in temperature and pressure in the a brief injection pause. The injection pressure level 

combustion chamber. The main injection ignition remains virtually identical throughout the €ntire 

time lag is therefore shortened, reducing the rise Injection process. 

in pressure and pressure péaks In the combustion 

chamber. This leads to low Gombustion noise and low Secondary Injection 

exhaust emissions. [he nunsber, time, and injection 

quantities of the pilot injection processes are Two secondary injections are used to regenerate the 

dependent on the engine operating status. diesel particulate filter. These secondarysinjections 
increase the exhaust gas temperatureswhich Is 

When the engine Is cold and at low engine speeds necessary to burn the soot particles iA the diesel 

two pilot injections are triggered far acoustic reasons. particulate filter. 


Initialization 
Voltage (V) 


Injection 
(Rate of 
Injection) 


_ 


fi. Time 





Se Main Injection =e 351_118 
Pilot Injections Secondary Injections 7 
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Piezo Actuator 


A piezo actuator is used to control the injectors. This 
is located In the Injector housing, and Is initialized 
through the ECM. The piezo actuator has a high 
switching speed, switching in less than one ten- 
thousandth of a second. The inverse piezo-electric 
effect is used to control the piezo actuator. 


Piezo Effect 


“Piezo” is a Greek word meaning “pressure.” 


Piezo elements are frequently used in sensor 
systems. Pressure applied to a piezo element 
produces a measurable voltage. This behavior on 
the part of a crystalline structure is called the piezo- 
electric effect. 


Inverse Piezo-Electric Effect 


The piezo-electric effect is employed in reverse form 
in a piezo-controlled actuator'VWWhen a voltageas 
applied to the piez@xelement the crystalline structuré 
reacts by charging length. 


Piezo Actuator 


The piezo actuator is comprised of many piezo 
elements, so that switching travel is sufficient to 
control the fuel injector. 


With the application of a voltage, the piezo actuator 
expands by up to 0.0012 Inch (0.03 mm). For 
Comparison purposes, a human hair has a diameter 
of approximately 0.0024 inch (0.06 mm). 


Connécting Plunger 





Piezo Element with Voltage V Applied 








3 2 
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Initial Length 
Change in Length 


3 2 T 
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Simplified Crystalline Structure 
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Note: 


The piezo actuators are initialized with a 
voltage of 110 — 148 V. 

Note the safety precautions in the current 
service information. 


Multiple Piezo Elements 
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Connecting Module 


The conneeting module is comprised of the 
connecting plunger and the valve plunger. Ihe 
conneécting module acts in the same manner as 

a hydraulic cylinder. It hydraulically converts the 
piezo actuator’s very rapid longitudinal change and 
actuates the switching valve. Due to hydraulic force 
transmission, switching valve opening is dampened, 
and injection is therefore precisely controlled. 


Advantages of hydraulic force 
transmission: 


e Low friction forces 

e Damping of moving components 

° Compensation of component longitudinal changes 
caused by‘thermal expansion 


= E 
e No mechanicalerces acting on the fuel ao 
needles | 


Hydraulic Principle 


The connecting module is a hydraulic system in 
which both the forces and the plunger areas behave 
in relation to each other. 


In the connecting module, the area of the connecting 
plunger Is greater than the area of the valve plunger. 
The valve plunger is therefore actuated by the 
connecting plunger’s force. 


The area ratio of the connecting plunger to the 
switching valve is several times higher. As a 
result, the switching valve can be actuated by the 
connecting module counter to the rail pressure. 


The pressure retention valve in the fuel return 
maintains a fuel pressure of approximately 145 psi 
(10 bar) in the connecting module. This fuel pressure 
serves as a pressure cushion for hydraulic force 
transmission between the connecting plunger and 
valve plunger. 
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Connecting Module in Resting Position 


Connecting 
Plunger 


Valve Plunger 
Switching 


Valve 
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Connecting Module Actuated 


High Fuel 
Pressure 






Fuel Return 
Connectin 

a3 Area Ratios of 
Plunger 
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Plunaer Switching 
ie Valve 
351_108 


N S “Soy 
eS ary Fuel System 
S so 
Ky 
> 
S 


Position 


Ss 
I> its resting position, the fuel injector is closed. The 
giezo actuator is not initialized. A | 


es, in 


Fuel pressure Is high in the control chamber above 
the fuel injector needle and at the switching valve. Fuel Return 
T 





poca 





The-s switching valve is pressed into its seat by the 
hightfuel pressure and the switching valve spring 
© 
force. Lhe high fuel pressure is therefore separated 
Z 

from théfuel return. 

Lo 
ZA 
The fuel injector, needle | is sealed by the hi 
pressure in the conto] chamber above th 


needle and by the nozzlé'Speing, force. „oy Y? 
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jector or 
Ge ener” oN 






The pressure retention valve in the fuel injector fuel 
return maintains a fuel pressure of approximately 145 
PSI (10 bar) in the fuel return. 


Switching Valve 
Nozzle 


Switching Valve Spring Spring 


Injector 
Needle 


Injector Needle 


Nozzle Spring 
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Start of Injection 


The start of injection is introduced by the ECM. To do 
this, it initializes the piezo actuator. 


The piezo actuator expands and transfers this 
movement to the connecting plunger. 


The downward movement of the connecting plunger 
builds up a hydraulic pressure in the connecting 
module, which acts on the switching valve through 
the valve plunger. 


The switching valve is opened by the connecting 
module hydraulic pressure, and releases the path 
trom the high fuel pressure to the fuel return. 

The fuel in the control chamber flows into the return 


through the outflow restrictor. The fuel pressure 
above the injector needle falls abruptly as a result. 


Switching Valve 


Outflow 
Restrictor 


Control Chamber 
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High Fuel Pressure 


Fuel Return 


Piezo Actuator 
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A 
The injection quantity is determined by the piezo 
acttfator's initialization duration and the rail pressure. $ 
The rapid, piezo actuator switching ti enable Ca 
several injections per working cycle fd precise oe 
adjustment of théinjection quantity. outen 


„wagen AG. Volkswagen Aq doe 
yS S Noj 
K Ong. 
Q 
End of Injection A 
Q 
Ox 
Tee i ar process ends when the piezo actuator z 
& no longer initialized by the ECM. The piezo actuator Hig Fuel Broscira 
© returns to its original position. 2 
6 
é $ 
= The two connecting module plungers move upward Q 
S = 
S and the switching valve is pressed into its seat. The O 
= path from high fuel pressure to the fuel return is Fuels EB 
= therefore sealed. Fuel flows into the control chamber Ac 
g = Piezo Actuator 
D above the injector needle via the inflow restrictor. The z 
” R 
5 fuel pressure in the control chamber increases to the 8 = 
© rail pressure again and closes the injector needle. The 2 = 
% injection process Is completed, and the injector Is in è = 
Q its resting position again. 2 = 












Switching Valve 
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Injector 
Needle 


Control Chamber 
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Fuel Injector Delivery 


Calibration 
Note: 


If a fuel injector (injection valve) is 
replaced, it must be matched to the fuel 
injection system. Fuel injector delivery 


This function is used to individually correct the calibration must be performed using 
injection quantity for each common rail fuel Guided Fault Finding. 

injection system fuel injector throughout the entire 

performance map range. The precision of the fuel 

Injection system Is Improved as a result. 





a l 






Fuel Injector Delivery Calibration (IDC) is a software 
function in the ECM for initializing the fuel injectors. 





Example ofan IVA/IQA Code on a Fuel Injector 
Fuel injector delivery compensation balances out woe 


Snot o 
production differences. R a 


The objectives of this injection quantity corrections 
are: + 


e Reducing fuel consumption 
e Reducing the quantity of exhaust gas 


e Smooth running characteristics 


IVA/IQA Value 
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The Injector Voltage Adjustment (IVA) ) anddnjector 
Quantity Adjustment (IQA) are adjusted foreach 
Injector using a calibration. A seven-digit calibration 
value is printed on each fuel injector. This calibration 
value may be comprised of letters and/or numbers 
The IVA/IOA value is determined on a test rig curing 
fuel injector production. It denotes the difference D> 
from the nominal value, and therefore describes an Mao 
d 


injector’s fuel injection behavior. 
The IVA/IOA value enables the ECM to precisely 
calculate the initialization times required for injection 


for each individual fuel injector. 
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Cylinder Pressure-Based Combustion Control 





Cylinder pressure-based combustion is another This provides the option of integrating this new 
component used to achieve low emissions and at the functionality in the existing space of the cylinder 
same time achieve high fuel economy. head. The heating pin is supported in such a way 
that It can move In an axial direction within the glow 
The combustion chamber pressure sensor used pin housing. It transmits the cylinder pressure to 
in the 3.0 liter V6-TDI engine Is a product by Beru, a diaphragm via a push rod. The deformation of 
available under the designation PSG (Pressure the diaphragm Is registered through the change in 
sensor Glow Plug). It adds the combustion chamber resistance and processed in an Integrated electronic 
pressure sensor function to a metal glow pin and is system. The processed voltage signal is transmitted 
installed in Cylinders 2 and 9. poreon ASO Sathe engine control module for further evaluation. 


| 
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Heating Pin Can Move in 
Axial Direction 
Glow Filament 





Combustion Chamber 


My) 
Pressure Sensor Q 






Combustion Pressure 


* Diaphragm (piezo-resistive effect) 
A silicon resistor is installed on the edge of a diaphragm. 


428_020 
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Cylinder pressure-based combustion permits the 
optimum adjustment of the injection point, and thus 
the pressure profile during combustion, to different 
fuel qualities and exhaust gas recirculation rates. 
The course of combustion is determined trom the 
pressure signal of the combustion chamber sensor 
and the engine speed signal. 


Based on the deviation from the target/performance 
comparison, a correction value is determined with 
regard to the target combustion development, which 
causes an Intervention in both the injection and the 
air system. 


The fuel quality, in particular the cetane rating, has 

a major effect on the course of combustion and 

the burn rate. With a low cetane rating, the ignition 
property of the fuel is reduced and thus the ignition 
delay is significantly increased. The point of 50% 
energy conversion moves in the “late” direction. This 
leads to Incomplete or partial combustion. 


AS 


In engines without cylinder pressure-based control, 
combustion cannot be fully completed at very high 
EGR rates due to the high displacement towards late 
and retardation. This causes combustion conditions 
similar to misfiring. As a result, the HC and CO 
emissions rise drastically. 


The course of combustion is kept constant with 
the help of the cylinder pressure-based combustion 
control system and thus combustion Is stabilized. 


To counteract the higher ignition delay, the start of 
injection is moved to an earlier time. In this way the 
HC and CO emisstons,can, be kept at a near constant 
lowNevel with lower cetane ratings;;low load, and 
higher EGR rates. 
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Engine Management 





Sensors 


Mass Air Flow (MAF) Sensor G70 


Engine Speed (RPM) Sensor G28 


Camshaft Position (CMP) Sensor G40 


Engine Coolant Temperature (ECT) Sensor G62 


Engine Coolant Temperature 
(ECT) Sensor (on Radiator) G83 


Fuel Temperature Sensor G81 


Cylinder 2 Combustion Chamber 
Pressure Sensor G678 





Cylinder 5 Combustion Chamber 
Pressure Sensor G681 


Fuel Pressure Sensor G247 


Throttle Position (TP) Sensor G79 and a 
Accelerator Pedal Position Sensor 2 G185 So 





Orin, 
rin WH 


EGR Potentiometer G212 


Or 


= 
= 


Brake Light Switch F and Brake Pedal Switch F47 


l 


I 


Ca 


( 
hes 


Charge-air Pressure Sensor G31 and D 
Intake Air Temperature (IAT) Sensor G42 


All ro O k 
~\ al p Ut P ad 


vf K 
erce 


rad O 


Heated Oxygen Sensor (HO2S) G39 


Reducing Agent Tank Sensor G684 € 


Reducing Agent Metering System Pressure Sensor G686 


Reducing Agent Temperature Sensor G685 % 
Exhaust Gas Temperature (EGT) Sensor 3 G495 
Catalyst Temperature Sensor 1 G20 


EGR Temperature Sensor G98 





Exhaust Gas Temperature (EGT) Sensor 1 G235 fe 
" 

Exhaust Gas Temperature (EGT) Sensor 4 G648 fi ™ 
F 


Bank 1 Exhaust Gas Temperature (EGT) Sensor 2 G448 


Differential Pressure Sensor G505 Fa 


Additional signals: = 

Cruise control system, Terminal post 50, Speed signal, 

Crash signal from the airbag control unit, 

Requirement start on engine control module (KeylessE  , __ _ 
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Actuators 


Fuel Injector for cylinders 1 - 3 
N30, N31, N32 


Fuel Injector for cylinders 4 - 6 
N33, N83, N84 


Automatic Glow Time Control Module J179 
Glow Plugs 1 - 3 Q10, Q11, Q12 


Glow Plugs 4 - 6 Q13, Q14, Q15 


Oil Pressure Regulation Valve N428 





Throttle Valve Control Module J338 


Fuel Metering Valve N290 


Fuel Pressure Regulator Valve N276 
Exhaust Gas Recirculation (EGR) Cooler Pump V400 


Exhaust Gas Recirculation (EGR) Motor V338 
Exhaust Gas Recirculation (EGR) Cooler Switch-Over Valve N345 


a “Exhaust Gas Recirculation (EGR) Cooler Switch-Over Valve 2 N381 


Turbocharger (TC) Control Module J724 


SS, 
TO 
oy y 
“Q 
© 


Intake Flap Motor V157, Intake Flap Motor 2 V275 


Os 


Charge-air Cooler Bypass Contrat; Unit J865 


= 


Additional signals: 


Air conditioning 
compressor 


Reducing Agent Metering A Contro Module J880* 
Reducing Agent Injector N474 ő 

Reducing Agent Pump Heater Z103 = 
Reducing Agent Line Heater Z104 ; 
Reducing Agent Pump V437 Q 
Reducing Agent Transfer Pump V436? 
Reducing AgentTank Heater Z102 5 





Auxiliary coolant 
heater 
Fan settings 1 + 2 


Ja 





Auxiliary Air Heater 
Heating Element Z35 
Fuel Cooler Pump V166 £ 


Left/Right Electro- 


Hydraulic Engine Oxygen Sensor (O2S) Heater z197 


Mount 
Solenoid Valves Fuel Pump (FP) Relay J17 5 
N144, N145 Transfer Fuel Pump (FP) G6 o 


O 
» 


Auxiliary Fuel Pump Relay J832 428_025 
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Control Modules in the CAN Data Bus 


The schematic shown below shows the integration of the Engine Control Module (ECM) J623 into the vehicle's 
CAN data bus structure. 


J623 J217 J104 J234 





J197 J428 J492 












301115 





|__| Drive CAN Data Bus 


[NY Convenience CAN Data Bus 


CAN Data Bus Line 


Drive CAN Data Bus: £ Convenience CAN Data Bus: 

J623 Engine Control Module (ECM) J285 Instrument Cluster Control Modulé 

J217 Transmission ControLModule (TCM) J527 Steering Column Electronic Systems Control 
J104 ABS Control Module % Module = 

J234 Airbag Control Modulé-, J518 Access/Start Authorization Control Module 
J197 Level Control System Control Module J519 Vehicle Electrical System Control Module 
J428 Distance Regulation Control Module J255 Climatronic Control Module: 


J492 All Wheel Drive Control Modile J533 Data Bus On Board Diagnostic Interface 
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Sensors Engine Speed (RPM) Sensor G28 





2-Segment Gap 


Engine Speed (RPM) Sensor G28 


The Engine Speed (RPM) Sensor G28 is secured to 
the gearbox housing. It Is an inductive sensor, which 
samples a 60-2 sensor wheel, which is secured to 
the drive plate. A segment gap on the sensor wheel 
serves the Engine Speed (RPM) Sensor G28 as a 
reference mark. 


Signal Usage 
The engine speed and the precise position of the a 
crankshaft are recorded via the sensor's signal. Tals 
information is used by the ECM to calculate thé 
injection point and the injection quantity. 


No 


Effects of Failure 60-Segment 


Drive Plate Drive Plate Sensor Wheel 


In the event of signal failure, the engine is shut off 
and can no longer be started. 


¡al purposes, nipan °riN Who, 


Camshaft Position (CMP) Sensor 
G40 


% 
O 
% 

s 
The Camshaft Position (CMP) Sensor G40 is secured 
in the retaining frame of the cylinder bank 1 cylinder% 
head. It scans the sensor wheel on the camshaft, 


with which the position of the camshaft is detected. 


Signal Usage 





The sensor signal is required by the ECM to detect 


the first cylinder when starting the engine. Camshaft Position 
: i - (CMP) Sensor G40 


351_022 


Effects of Failure 


Starting the engine is impossible in the event of 
signal failure. 
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Throttle Position (TP) Sensor G79 
and Accelerator Pedal Position 
Sensor 2 G185 


The Throftle Position (TP) Sensor G79 and Accelerator 
Pedal Rosition Sensor 2 G185 are combined in one 
component and integrated into the accelerator pedal 
module, 


Signal Usage 


The Tarottle Position (TP) Sensor G79 and Accelerator 
Pedal Position Sensor 2 G185 are used to detect 

the position of the accelerator throughout the entire 
adjustment range. These signals are used by the 
ECM to calculate the injection quantity. 


Effects of f Failure 





In the event that one of ‘the, two sensors (G79 Jer. 


G185) fail, the system switche idle speed. Ifthe” 


second sensor is detected within a defined period 
of time, vehicle operation becomes possible again. 
However, the engine speed only increases slowly 
to the desired throttle. In the event of both sensors 
failing, the engine only runs at increased idle speed, 
and no longer responds to the accelerator. 


Kick Down Switch F8 


The Kick Down Switch F8 function is integrated into 
the accelerator pedal module. 


Signal Usage 


In addition to the accelerator position sensor signals, 
the Kick Down Switch F8 signal allows the ECM 

to detect the kick-down position. This information 

is transmitted to the Transmission Control Module 
(TCM) J217 via the drive CAN data bus, and the kick- 
down function is carried out. 


54 


Accelerator:Pedal Module 





Throttle Position (TP) Sensor G79, 
Accelerator Pedal Position Sensor 2 G185, 
and ant Down Switch F8 


351_056 


Effects of Failure 


In the event of Kick Down Switch F8 failure, the ECM 
uses the accelerator position sensor values. 
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i i 8 Brake Light Switch F and 
Brake Light Switch F and Brake e Reeser an 
Pedal Switch F47 4 
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The Brake Light Switch F and Brake Pedal Switch 
F47 are located together In one component on the 
pedal cluster. Both switches help the ECM to detect 
whether the brake is actuated. 


n par 


Signal Usage 


When the brak&is actuated, the cruise control 
system is shut Off, and the engine no longer 


responds to the accelerator pedal. 
O 


© 
© 


Effects of Failure 


SA. 
Lo 
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If a sensor's signal fails, tréänjection quantity is 
reduced and the engine has ess output, The cruise 
control system is also shut off. Ag 

"0910, 


Mass Air Flow (MAF) Sensor G70 


Mass Air Flow (MAF) 
Sensor G70 


The Mass Air Flow (MAF) Sensor G70 is located in 
the intake manifold. It works according to the hot film 
principle, and determines the amount of air which is 
actually taken in. 


Signal Usage 


The injection quantity and the exhaust gas 
recirculation quantity are calculated by the ECM 
on the basis of this signal. The signal is also used 
to determine the amount of diesel particulate filter 
contamination. 


Effects of Failure 


351_100 





In the event of signal failure, the ECM employs a 
substitute value comprised of the charge air pressure 
and engine speed for calculation purposes. 
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Engine Coolant Temperature (ECT) Enne Goolan 


Sensor G62 Temperature\(ECT) 
Sensor G62 

The Engine Coolant Temperature (ECT) Sensor 

G62 is located on the right cylinder head's coolant 

connection. The sensor provides the ECM with 

information on the current coolant temperatures 


Signal Usage 





The coolant temperature is used by the ECM as a 
correction value for calculating the injection quantity, 
the charge air pressure, the injection point, and the 
exhaust gas recirculation quantity. 


Effects of Failure 





If the sensor signal fails, the ECM uses the‘signal 351_029 
from the Engine Coolant Temperature (ECT) Sensor 

(on Radiator) G83 and a fixed, substitute value for 

calculation purposes. 





Engine Coolant Temperature (ECT) Radiator 
Sensor (on Radiator) G83 


The Engine Coolant Temperature (ECT) Sensor (on 
Radiator) G83 is located in the line at the radiator 
outlet, where it measures the outlet temperature. 


Signal Usage 


Radiator fan initialization is carried out by comparing 
the signals from the two sensors, G62 and G83. 


Effects of Failure 


351_089 





If the signal from the Engine Coolant Temperature ae ih ET 

: . . emperature 
(ECT) Sensor (on Radiator) G83 fails, radiator fan Sensor (on Radiator) G83 
stage 1 Is continuously initialized. 
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Charge Air Pressure Sensor G31 


and Intake Air Temperature (IAT) Intake Air Temperature (IAT) Sensor 

Sensor G42 G42 Signal Usage 

The Charge Air Pressure Sensor G31 and Intake Air The ECMLuses the sensor's signal to calculate 

Temperature (IAT) Sensor G42 are integrated into one a correction value forthe, charge air pressure. 

component and are located in the intake manifold: Evaluation of the signal giveszconsideration to the 
influence of temperature on the density of the charge 

Charge Air Pressure SensorsG31 air. 


Signal Usage 

Effects of Intake Air Temperature 
The ECM uses the sensor's signalto regulate the (IAT) Sensor G42 Failure 

charge air pressure. 


In the event of signal failure, the ECM employs a 


Effects of Charge Air Pressure tixed, substitute value for calculation purposes: This 
may lead to reduced engine output. 


Sensor G31 Failure 


There is no substitute function iA the event of signal 
failure. Charge air pressure regulation is shut off, 
leading to a significant reduction f engine output. 





Charge Air Pressure Sensor 
G31 and 

Intake Air Temperature (IAT) 
Sensor G42 


į! 7 — . 
A = = "i. 
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Front of Vehicle 
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Heated Oxygen Sensor (HO2S) G39 


The Heated Oxygen Sensor (HO2S) G39 is a 
broadband type sensor. The sensor is located 
upstream of the oxidizing catalytic converter in the 
exhaust system. It enables determination of the 
oxygen content in the exhaust gas over a wide 


measuring range. 


Signal Usage 


The Heated Oxygen Sensor (HO2S) G39 signal is 
used to correct the exhaust gas recirculation quantity. 
The signal also serves to determine the amount 

of contamination of the diesel particulate filter. he 
this calculation model, the sensor signal is used 
to measure the engine's carbon emissions. A the 
exhaust gas oxygen content Is excessively low in 
comparison with the nominal value, increased carbon 
emissions are concluded. 
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Turbocharger 


Oxidizing 
Catalytic 
Converter 
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Effects of Failure 


If the signal fails, the exhaust gas recirculation 


- Guna Hole gey mined using the Mass Air Flow 


NS “(MAF) Sensor G70 sigrak As this regulation is not 


very precise, nitrogen D emissions may increase. 
Q 

Calculation of diesel particulate fiter contamination 

is less accurate. However, regeneration of the diesel 


% 
particulate filter remains reliable. = 
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Exhaust Gas Temperature (EGT) 
Sensor 1:G235 
© 

Exhaust Gas Temperature (EGT) Sensor 1 G235 is 
a PTC sensor. It is located in the exhaust system 
upstream of the turbocharger, where it measures the 
temperature of the exhaust gas. 

O 


® 
eS 
The ECM usés the Exhaust Gas Temperature (EGT) 
O 
sensor 1 G235<signal to protect the turbocharger 


trom unacceptably high exhaust gas temperatures. 
© 
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C 2 
Effects of Failure, $ 
> pol 
If the Exhaust Gas Temperature (EGJ) Sensor alae i of 
signal fails, the ECM uses a fixed substitdte value for ov" 
calculation purposes and engine output Is reduced. 


Turbocharger 





Exhaust Gas Temperature (EGT) 
Sensor 1 G235 
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Bank 1 Exhaust Gas Temperature 
(EGT) Sensor 2 G448 


Bank 1 Exhaust Gas Temperature (EGT) Sensor 2 
G448 is a PIC sensor. It is located in the exhaust 
system upstream of the diesel particulate filter, 
where It measures the temperature of the exhaust 
gas. 


Signal Usage 


The ECM uses the signal from Bank 1 Exhaust Gas 
Temperature (EGT) Sensor 2 G448 to calculate the 
amount of contamination in the diesel particulate 
filter. wots agen AG. Volkswagen Ag 4 
The diesel particulate filter contamination status Is 
calculated usifng the signal trom the Bank 1 Exhaust 
Gas Tempefature (EGT) Sensor 2 G448, together 
with the’Signals from the Exhaust Pressure Sensor 1 
G450,the Mass Air Flow (MAF) Sensor G70, and the 
Heeg Oxygen Sensor (HO2S) G39. 


hole 


The signal also serves aS component protection 
inorder to protect the diesel particulate filter from 
excessively high exhaust gas temperatures. 

£ 


Effects of Failure 


al pur 


If the Bank 1 Exhaust Gas Temperature (EGT) 
Senor 2 G448 signal fails, diesel particulate filter 
regeneration takes place according to the mileage 
covered or hours of operation. The Malfunction 
Indicator vamp (MIL) K83 is activated after three 
driving cycles, 


ty 
Ova 
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Diesel Particulate Filter 





Bank 1 Exhaust Gas 
Temperature (EGT) 
Sensor 2 G448 
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Exhaust Pressure Sensor 1 G450 


The Exhaust Pressure Sensor 1 G450 measures the 
difference in pressure in the flow of exhaust gas 

upstream and downstream of the diesef particulate 
filter. It is secured to a bracket°6n the transmission. 


Signal Usage 


The ECM uses the Exhaust Pressure Sensor 1 G450 
signal to calculate the amount of contamination in 
the diesel particulate filter. 


The dieselparticulate filter contamination status 

is calculated using the Exhaust Pressure Sensor 1 
G450, together with the signals from the Bank 1 
Exhaust Gas Temperature (EGT) Sensor 2 G448, the 
Mass Air Flow (MAF) Sensor G70, and the Heated 
Oxygen Sensor (HO2S) G39. 


Effects of:Failure 


If the Exhaust Pressure Sensor 1 G450 signal 

fails, diesel particulate filter regeneration takes 

place according to the mileage covered or hours of ee) 
operation. Glow Plug Indicator,Lamp K29 flashes atf 
the same time. The Malfunction Indicator Lamp (MIL) 
K83 is activated after three driving cycles. 





Exhaust Pressure Sensor 4. G450 
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Connections from the 
Diesel Particulate Filter 
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Actuators 

spine pa Intake Flap 
Intake Flap Motor V157 and Intake j Motor 2 V275 
FlapMotor 2 V275 


The 3.0L V6 TDI engine has one intake manifold flap 
motor per cylinder bank. They are located on the 


lower section of the intake manifold on the relevant 
cylinder bank. 





Task 


Continuously variable swirl flaps S ARLA en aG 
the lower sections of mS inte manifolds of both does noy 
cylinder banks. The swit of intake air is adjusted 


by the position ofthe swirl flaps, depending on the 
engine speedêna load. 


È 
S 





301037 
> 
Z, 


Z 
$ 
The Intake Flap Motor V157 and Intake Flap Motor % 
2 V275fave the task of varying the position of the i 
swirl flaps i in the intake ports by means of a push rod. ç 







@ 
YN 
To de this, the intake flap motors are initialized by the KA 
ECM. a 
s $ 
Q 9 
Effects of Failure 7 
2 pa 
2 \. 


If thé Intake Flap Motor V157 or Intake Flap Motor 2 


- i Intake Flap 
V275 fails, the swirl flap remains open. Ku Motor 2 V275 
€ ha 





Intake Air 


351_122 
Swirl Flaps 
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Throttle Valve Control Module J338 oo Gea 
Oy) 


The Throttle Valve Control Module J338 is located in. 
the intake port upstream of the upper section of the 
intake manifold. The throttle valve in J338 Is opefated 
by a positioning motor and it is controlled by the 


ECM. Q 
© 
O 
S 
Task 
e 


a 


The continuously variable throttle valve is ased in 
specitic operating conditions to generate vacuum 
(determined by the ECM) in the intake manifold. This 
results in more effective exhaust gas recirculation. 
When the engine is switched off, the throttlewalve 

is closed and the air supply Is interrupted. Lessrair IS 
taken In and compressed, and engine shutdown is, 
smooth. Zo 


Effects of Failure 





The throttle valve remains open. Correct regulation of 
the rate of exhaust gas recirculation is impossible. 





Throttle Valve Control 
Module J338 
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Intake Air 
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Exhaust Gas Recirculation (EGR) 
Motor V338 


The Exhaust Gas Recirculation (EGR) Motor V338 
IS a positioning motor used to actuate the exhaust 
recirculation valve. 


Task 


The exhaust gas recirculation rate is determined by 
means of a performance map in the ECM. Exhaust 
Gas Recirculation (EGR) Motor V338 receives a pulse- 
width modulated signal to control the flow of exhaust 
gas Into the intake manifold. 


Effects of Failure 


If the signal fails, the exhaust.gas recirculation 
function is not reliable. J 
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Exhaust Gas Recirculation 
(EGR) Motor V338 
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Exhaust:Gas Recirculation (EGR) 
Cooler Switch Over Valve N345 Exhaust Gas Recirculation (EGR) 
Exhaust:Gas Recirculation (EGR) i i T 

Cooler Switch-Over Valve 2 N381 


The Exhaust Gas Recirculation (EGR) Cooler Switch- 
Over Valve N345 and Exhaust Gas Recirculation 

(EGR) Cooler Switch-Over Valve 2 N381 are 
electrooneumatic Valves. They switch the vacuum 

unit's control pressure to actuate the exhaust gas 
coolers’ bypass valves.’N345 controls the main =, 
cooler bypass, and N381 conétrols the auxiliary ool 
bypass. 





Task n | | 351_049 


In order to reduce nitrogen oxide emissions even 
more effectively, the recirculated exhaust gases pass ; 
through the exhaust gas recirculation cooler when Effects of Failure 


the engine Is at operating temperature. 
If either valve fails, the controlled exhaust gas 


The bypass valves in the exhaust gas recirculation recirculation cooler bypass valve remains closed. The 
cooler are actuated to achieve this. The valves are exhaust gas Is always cooled, and both the engine 
initialized by the ECM depending on the temperature. and the oxidizing catalytic converter take longer to 
This then switches the vacuum unit's control reach their operating temperature. 


pressure to actuate the specific bypass valve. 


Exhaust Gas 
Recirculation Cooler 


Exhaust Gas Recirculation 
Cooler Switch-Over Valve 
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Vacuum Unit 


Bypass Valve 
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Turbocharger (TC) 1 Control Module % 
J724 = % 
= ® 
£ Turbocharger (TC) 1 


The Turbocharger (TC) 1 Control Module J724 is 
located on the turbocharger. 


Task 


sai purposes: i 


The Turbocharger (TẸ) 1 Control Module J724 
controls guide vane aa | in the turbocharger 
with an electric positioning motor. Electric 
initialization makes quick-turbocharger response and 
precise regulation possibleo_ 

“ee, 
To adjust the guide vanes, the Turbocharger (TC) 1 
Control Module J724 is initialized by the ECM using a 
pulse-width-modulated (PVVM) signal. Oaol 





351_092 


Effects of Failure 


No further charge air pressure control is possible in 
the event of Turbocharger (TC) 1 Control Module J724 
failure. The injection quantity is limited and engine 


output is reduced. S Turbocharger (TC) 1 
Positioning Motor Control Module J724 


Guide Vanes 
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Glow Plug Indicator Lamp K29 


The Glow Plug Indicator Lamp K29 has two 
functions: 


e |t illuminates to indicate theglow period to4the 
driver prior to starting the engine 

e |t tlashes tosnotify the driver of an engine 
malfunction 


Malfunction Indicator Lamp (MIL) 
K83 


fhose engine management system components 
relevant to exhaust emissions are checked for failure 
and malfunctions within the framework of On-Board 
Diagnosis Second Generation (OBD II). 


The Malfunction Indicator Lamp (MIL) K83 indicates 
faults detected by the OBD II system. 


Diesel Particle Filter Indicatdr) 
K231 ay 





The Diesel Particle Filter Indicator Lamp K231 
illuminates if the diesel particulate filter can no 
longer be regenerated as a result of operation 

over extremely short distances. Via this signal, the 
driver is requested to drive as evenly as possible at 
increased speed for a short period of time, so that 
the diesel particulate filter can be regenerated. 


>) 
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351-112 


Reference: 

For information on driving instructions 
when the Diesel Particle Filter Indicator 
Lamp K231 lights up, refer to the vehicle 
owner's manual. 
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Glow Plug System 


The 3.0L V6 TDI engine has a diesel quick start glow 
plug system. 


This enables immediate starting, like that of a 
gasoline engine, without a long glow period under 
practically all climatic conditions. 


Advantages of this glow plug system include: 


e Reliable starting at temperatures down to -11°F 
(-24°C) 
e Extremely rapid heating time: 


— Within two seconds, a temperature of-1832°F 
(1000°C) is reached at the glow plug 


e Controllable glow and post-start glow temperature 
e Selt-diagnosis-capable 


e On-Board Diagnosis Second Generation:(OBD II) 





J179 Automatic Glow Time Control Module 
J623 Engine Control Module (ECM) 

J317 Power Supply Relay (terminal 30, B+) 
Q10-Q15 Glow Plugs 
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The Automatic Glow Time Control Module J179 

is provided with information by the ECM for the 
glow function. The glow period, the glow duration, 
the initialization frequency and the on-off ratio are 
therefore determined by the ECM. 


Automatic Glow Time Control Module J179 functions 
include: 


e Switching the glow plugs with a PWM signal 


e |ntegrated over-voltage and over-temperature 
shutoff 


e Individual plug monitoring: 
— Detection of over-current and short-circuit in 
the glow circuit 
— Glow circuit over-current shut-off 


— Glow electronics diagnosis 


— Detection of an open glow circuit in the event 
of glow plug failure 


351_098 


ME Supply Voltage 

E Ground 

WE Control Signal from J623 
W Diagnostic Signal to J623 


Engine Management 





Glow Plugs Q10 - Q15 


The Glow Plugs Q10 — Q15 are made up of the plug 
body, the connecting pin, and the heating element P 

, , . u i 
with heating and control coil. Body ` 


In comparison with conventional, self-regulating glow 
plugs, the coil combination, comprised of the control 
coil and the heating coil, is approximately one-third 

shorter. This has enabled the glow period to be Heating 
reduced to two seconds. Element 


r Conventional 
Glow Plug 










Glow Plug with 


Shortened Coil 
The glow plugs have a rated voltage of 4.4 V. Combination 


Control 
Note: eon 
Never apply 12 volts to the glow plugs 
to check function. Refer to Guided Fault 
Finding or the Repair Manual for correct 


glow plug testing procedures. 


BRAVA 





Heating 
Coil 351_119 


351_120 


Glowing 


Note: 

Post-start glowing stopSzwhen engine 
coolant temperature reaches 95°F (35°C). 
Post-start glowing is interrupted after a 
maximum of three minutes. 


After switching on the ignition, the Glow-Plugs Q10 
— Q15 are switched on via the Automatic Glow Time 
Control Module J179 by the ECM ata temperature 
of less than 68°F (20°C). During the initial glowing 
phase, the Glow Plugs 010 — O15 are operated at a 
voltage of approximately 11 V for a maximum of two 
seconds. They are then supplied with the voltage 
required for the relevant operating status by the 





Automatic Glow Time ControbModule J179. To relieve TA 
the onboard power supply, glow plug initialization is 2012 1100 35 
phase-oftset. 1922 1050 30 
® — 
5 1832 1000 - > 
E o ~ 20 
Post-Start Glowing eV. g 2, 
Q 15 $ 
a . . E 1652 900 $ 
Post-start glowing is carried out each time after £ n 
. : A. . 1562 850 
the engine has been started, in ordér to minimize 
. : 1472 800 0 
combustion noise and reduce hydrocatbon 5 p T O 30 40 


emissions. Glow plug initialization is corrégted by the 
ECM depending on load and engine speed. 


Time (Seconds) 351_121 
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System Overview 


Substantial emission and fuel consumption 

reductions have been made through engine design 
modifications. Greater reductions in emissions are 
done through aftertreatment of the exhaust gases. 


In addition to the known components such as the 
oxidation catalyst and diesel particulate filter, new 
components are used to minimize nitrogen oxide 
emissions. 


The following sensors are integrated into the exhaust 
system: 


sensors for temperature measurement upstream 
and downstream of the oxidation catalyst, 
downstream of the diesel particulate filter 
Differential pressure sensor for detecting the soot 
level 

NOx’ sensors upstream oPthe oxidation catalyst 


and downstream of the DeNox Catalytic converter 
The exhaust system consists of a close coupled 


oxidation catalyst, the coated particle filter, the active 
exhaust gas aftertreatment system, as well asthe 
muffler. 3 


The exhaust gas aftertreatment is checkéd with the 
helo of these sensors. : 





Heated Oxygen 
Sensor (HO2S) G39 


Exhaust Gas Temperature (EGT) 
Sensor 1 G235 


NOx Sensor Control 
a Module J583 


T A 
m = 
> 

| 







— 









Engine Control 


EGR Temperature Sensor G98 Module (ECM) J623 












NOx Sensor G295 
Combustion 
Chamber Pressure 


Sensors for 
Cylinders 2,5 
G678, G681 | 


Bank 1 Exhaust Gas 
Temperature (EGT) Sensor 
2 G448 (BIN5 only) 


| 


ser at een 


Catalyst Temperature 
Sensor 1 G20 





Exhaust Gas Temperature (EGT) 
Sensor 3 G495 





Exhaust Pressure 
Sensor 1 G450 4 





trate 
pris, 
Pra. a 
iy ie Piae Fron. 
fay ll 
Hage 
i aiie ii, ‘en 






Oxidation Catalyst Exhaust Gas Temperature Reducing Agent 


Diesel Particulate Filter (EGT) Sensor 4 G648 Injector N474 
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The exhaust gas aftertreatment system consists For this purpose, a 32.5% urea/water solution Is used 
of the DeNox catalytic converter, the injector for as a reducing agent (the reducing agent is referred to 
the reducing agent, as well as a tank system for as Diesel Exhaust Fluid. ), which is injected into the 
the supply of the reducing agent together with a exhaust system in small quantities. 


reducing agent supply unit and reducing agent lines. 


Due to the additional DeNox catalytic converter 
located downstream of the oxidation catalyst and the 
diesel particulate filter, nitrogen oxide emissions can 
be nearly eliminated. 


DeNox catalytic converter = catalytic converter that reduces nitrogen oxide 





Engine Control Module (ECM) Private CAN Tank with: 
Reducing Agent Tank Sensor G684 


Reducing Agent Temperature Sensor G685 

Reducing Agent Tank Heater Z102 

Reducing Agent Pump V437 with: 

Reducing Agent Metering System Pressure Sensor G686 
Reducing Agent Pump Heater Z103 

Reducting Agent Reversing Valve N473 












NOx Sensor 2 Control Module J881 


NOx Sensor 2 G687 


428_027 


DeNox Catalytic Converter 
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Diesel Particulate Filter 
Design 


The diesel particulate filter is comprised of a 
honeycomb ceramic matrix made from silicon carbide 
placed in a metal housing. The ceramic matrix itself 
has many small channels that run parallel to each 
other and are alternately connected. In this way, inlet 
and outlet channels are created that are separated by 
filter walls. 


The filter walls, made from silicon carhjdeare Volkswagen Ag 4 


porous. The silicon carbide body isstoated with a 
mixture of aluminum oxide andi peroxide. 

Ka 
This mixture serves aga carrier layer for the catalytic 
converter. The carrief layer | is coated with the 
precious metal platinum, which acts as the catalyst. 
A catalyst is a substance that promotes or hinders a 
chemical reaction without changing itself. 


E 
nN 
O 
5 
Q 
® Cro 
Ww a 
O ig i 
Q q a` 
a 
Soot Particles p ~ 
© 
Outlet Channel 
a 







gy) 


Carrier Layer 


336_154 


(Aluminum Oxide/Ceroxide) 
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Filter Wall 





Inlet Channel A 


yooe 
Silicone Carbide Body 


Function 


Since the channels are sealed alternately in the 
direction of flow from the inlet and outlet side, the 
carbon soot contaminated exhaust gas must flow 
through the porous filter walls made from silicon 
carbide. When this happens, the carbon soot particles 
and not the gaseous components are retained in the 
inlet channels. 


Oes 


SNox 
DY, 
Vany 
Q 
O,- 
SO Metal Housing 
Ó 
Ø 
> 
4 
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325-021 


Soot Particles 


a> in Inlet Channel 
f = - i - 


Platinum 
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Coated Zones 


The diesel particulate filter must be long enough to 


provide sufficient storage volume for the carbon soot. 
In addition, it must be coated witha certaimangount 
“Sno, the regeneration phase, the particulates that have 
~ aGoumulated | in the particulate filter are burnt oft 


of platinum in order to attain ‘the desired catalytic 
effect. The catalytic, coating of the diesel particulate 
filter is pR Mto zones across the length of the 
filter. S 


In the frort zone, there Is a large quantity of platinum 

and in the rear zone there is less platinum. The 

followifig are advantages trom the zone-like coating: 

° In ñormal operating modes of the engine, the 
diesel particulate filter heats up quickly in the front 
area. Due to the high concentration of platinum in 
this front zone of the catalyst, the filter has a very 
fast catalytic effect. The diesel particulate filter 
responds quickly. 


e in regeneration mode, the rear area of the 
dieselparticulate filter becomes very hot as the 
carbon Soot is burned off. Due to these high 
temperatiites, the platinum gets broken down 
over a period: mt time. ierctore, on ae 





AW 


e Another reason or r rdðuggd use of platinum 
the rear zone Is the aging of the: diesel m gie 
filter. During operation, more and more ash 
particulates from regeneration stay in the filter. 
These impair the catalytic effectiveness of the 
platinum. 


Regeneration 
The diesel particulate filter must be cleaned of 


carbon soot particles regularly to prevent it from 
becoming blocked, inhibiting its function. During 


(oxidizeq). 


With regenétation of the catalytic coated particulate 


filter, passive régeneration and active regeneration 
are separated. There are no signs to the driver that 
regeneration is occurring. 


Rear Zone 
336_010 


Front Zone 
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Passive Regeneration 


With passive regeneration, the carbon soot particles 
are burned off continually without intervention trom 
the engine management system. The-particulate Tilter 
IS positioned in close proximity to the engine. This 
assures that exhaust gas temperatures of 660-932°F 
(350-—500°C) are reached duringhighway driving. 

The carbon soot particles are converted into carbon 
dioxide by a reaction with nitrogen oxide. This gradual 
process occurs slowly and coftinually through the 
platinum coating, which works as a catalyst. 


Silicone Carbide 
Body 


Inlet Channel 


Platinum 
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From the oxides of nitrogen présent in the exhaust 
gas (NOX) and oxygen (O2), nitrogén dioxide (NO2) is 
produced via the platinum coating. NOX + O2 reacts 
to NO2. The nitrogen dioxide (NO2) reaéts with the 
carbon (C) of the carbon soot particles. AS:a result, 
carbon monoxide (CO) and nitrogen monoxide (NO) 
are formed. NO2 + C reacts to CO + NO. The carbon 
monoxide (CQ) and nitrogen monoxide (NO)zcombine 
with oxygen (O2) and form nitrogen dioxide (NO2) 
and carbon dioxide (CO2). CO + NO + O2 reacts to 
NO2 + CO2. 


Carrier Layer (Aluminum 
Oxide/ Ceroxide) 


Filter Wall 


Outlet Channel 
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Active Regeneration 


With active regeneration, the carbon soot particles With active regeneration, the carbon soot particles 
are burned off through a targeted increase in the are burned off by high exhaust gas temperatures. 
exhaust gas temperature by the engine management When this happens, the carbon from the soot 
system. In city traffic, which produces low loads particles oxidizes with oxygen and forms carbon 
on the engine, the exhaust gas temperatures for dioxide. C + O2 reacts to CO2. 


passive regeneration of the particulate filter are 

too low. Since the carbon soot particles cannot be 
broken down, deposits build up in the filter. As soon 
as a certain level of carbon soot deposits is reached 
in the filter, active regeneration is initiated by the 
engine management system. This process lasts for 
approximately 10 minutes. The carbon soot particles 
are burned off to carbon dioxide at an exhaust gas 
temperature of 1110—1200°F (600—650°C). 





Platinum 





Carrier Layer (Aluminum 
Oxide/ Ceroxide) 


Inlet Channel 


Filter Wall 





Outlet Channel 


336_186 
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Function of Active Regeneration 


VVhen the carbon soot level reaches a predetermined 


The carbon soot particles are retained in the inlet 
limit, the engine management system Initiates active 


channels. The engine control module can detect 
the level of carbon soot in the particulate filter 

by evaluating the signals trom the mass air flow 
sensors, the temperature senders before and after 
the particulate filter, and the exhaust pressure 
Sensors. 


regeneration. 


iC) | k SWanaR A 
JIN O | m 


yea 9" n AU. VUIKS YSNAG doss S 
Particulate Filter Empty = low resistance to exhaust flow 





Signals to ECM 






Exhaust Pressure 
Sensor 1 G450 






Mass Air Flow 
(MAF) Sensor G70 








Exhaust Gas 
Temperature (EGT) 
Sensor 4 G648 


Exhaust Gas 
Temperature (EGT) 
Sensor 3 G495 


336_042 


Signals to ECM 







Exhaust Pressure 


Mass Air Flow Sensor 1 G450 


(MAF) Sensor G70 








Exhaust Gas 
Temperature (EGT) 
Sensor 4 G648 


Exhaust Gas 
Temperature (EGT) 
Sensor 3 G495 


336_042 
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Engine Management During 
Initiation of Active Regeneration 


From the flow resistance of the particulate filter, the 
engine control module can detect the level of carbon 
soot deposit in the filter. A high#low resistance 
indicates that the filter is in danger of becoming 
blocked. The engine control module initiates an active 
regeneration process. Io do this: 


e Exhaust gas recirculation is switched off to raise 
the combustion temperature 


e An extended injection period is initiated after a 
period of main injection with reduced quantity 
at 35° crankshaft angle after TDC, in ordét5to 
increase the exhaust gas temperature 


e The intake air supply is regulated by the throttle 
valve 


e The charge air pressure Is adapted so that the 
torque during regeneration does not change 
noticeably by the driver 


These measures lead to a targeted, brief increase In 
the exhaust gas temperature to approximately 1150°F 
— 1200°F (600°C — 650°C). In this temperature range, 
the collective carbon soot oxidizes to carbon dioxide. 
After this active regeneration period, the particulate 
filter is ready for operation again and can begin 
filtering carbon soot out of the exhaust gas. 





336_124 





336_126 


336_120 


336_122 


77 








Exhaust freatment 





DeNox Catalytic Converter System Operating Principle 


The DeNox catalytic converter reaches its 356°F (180°C) operating temperature a feweminutes after engine start. 
When the Exhaust Gas Temperature (EGT) Sensor 4 G648, upstream of the DeNox catalytiesconverter, transmits 
this temperature information to Engine Ceritrol Module (ECM) J623, the reducing agent can be Injected (metered 
in) by the Reducing Agent Injector N474» Different chemical processes take place as the reducingsagent travels to 
and through the DeNox catalytic converter. 


First, if the reducing agent is injected into a hot gas flow, the water evaporates. 


CO(NH2)2 + H20 — CO(NH2)2 + H2O 
Reducing Agent — Reducing Agent 


This is followed by thermolysis, during which urea decomposes into ammonia and isocyanic acid. 


CO(NH2)2 — CO(NH2)2 
Urea —> Urea 


If hot surfaces are available, the tsocyanic acid can be converted into carbon dioxide and another ammonia 
molecule through hydrolysis**. 


HNCO + H2O —> HNCO + H20 
Isocyanic Acid +Water —> Isocyanic Acid + Water 


Ammonia Is stored in the DeNox catalytic 6enverter and reacts with the pitrogen oxide (NO) and nitrogen dioxide 
(NO2) from the exhaust flow to form nitrogen rutrogen (N2) and water ( ). } 


NO + NO2 + 2NH3°=> NO + NO2 + 2NH3:! 
Nitrogen Oxide + Nitrogen Dioxide + Ammonia —» Nitrogen Oxide + Nitrogen Dioxide + Ammonia 


The water needed for the reaction Is available in the exhaust flow as a product of the engine combustion 
processes. Thus, two ammonia molecules can be gained from one urea molecule and used for reactions on the 
reduction converter. 

Reducing Agent Injector N474 











Reducing Agent Spray Cone 


428_076 


NOx Sensor 2 G687 


Mixer 428 033 


*Thermolysis = A chemical reaction where a chemical substance breaks up into several chemical substances when heated. 
** Hydrolysis = Splitting a chemical compound using water. 
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Diesel Exhaust Fluid (Reducing Agent) 


An extremely pure, transparent 32.5% urea/water solution is used as reducing agent, which is marketed In 
Europe under the brand name AdBlue® and in the U.S. under the designation Diesel Exhaust Fluid. 


The reducing agent is non-hazardous, non-combustible, biodegradable, and categorized in the lowest water 
hazard class. It is not a hazardous substance or hazardous material. 


Properties: 


e |t freezes at 12°F (-11°C) 


At temperatures of approximately 158 — 176°F (70 — 80°C), the reducing agent decomposes and there can be 
objectionable odors due to the develooment of ammonia 





Because of its unpleasant odor, aged reducing agent can be distinguished from the fresh solution, which is 
nearly odorless 


Aged reducing agent or other foreign material added to the tank is recognized by the NOx sensors in the 
exhaust system m AG. Volkswagen ag, 
Escaping reducing agent crystallizés forming white Salts -°5/70, , 
. . _. a . 
The reducing agent has adtigh penetration ability and reaches the narrowest Spaces due to the capillary effect 
oo Aa 
© Co 
3 es 
S 


e Use the Diesel'Exhaust Fluid (reducing agent) released by Volkswagen/Audi according to Volkswagen standard 
and DIN 70070. Foreign media can damage the DeNox system. 


Handling: 


2 
or 
G, 


. 


\ 


aso 


D z 
e Do not reuse drained reducing agent to prevent Impurities. 


e The reducing agent should be added to the tank using only the released tools and c 
O 


tainers specified by the 
from the tool kit. 
Q 
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| 428_073 
- | (128.088 


210910, Diesel Exhaust Fluid 
. . . . 2.6 gallon (10 liter) Containers 
Diesel Exhaust Fluid Refill Bottle 0.5 gallon (1.89 liter) 
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Reducing Agent Tank System 


The reducing agent tank is manufactured trom plastic 
and Is located beneath the spare wheel well. The Reducing Agent 
tank has a capacity of approx. 4.4 gallons (16.7 liters) peliwery Wodule 


Filler Neck 





Reducing Agent 


Breather and 
Heater Control 


Ventilation System 





Module J891 
Vey 
“era, 
Reducing Agent Insulation 
Resevoir Processing Q 
Unit G698 %, 
ey 
B 
Reducing Agent Tank: 
oO 
© 
Q, 
5 
Heated S l A 
eated Supply ~ i O 
Line to Injector for Ea S424 032 Securing Tray T 
Reducing Agent %5 S 
Q 7 
= Ü 
a Q 
® = 
e Reducing agent delivery module — the. BN serves to protect the reducing agent from highand 
module contains the sensors and actuators for low ambient temperatures. A 
delivering the reducing agentthrough thesystem. e Breather and ventilation system — the reducing 
e Reducing agent level evaluation unit — the %, agent tank system is virtually sealed fromthe 
evaluation unit measures the fluid level in the, outside using breather and ventilation system 
To ; en f 
reducing agent tank. [A connections. Radul ing agent tank  pfëssure 





Y5, 
e Control module for reducing agent heater — the Maon compensation t 
control module actuates the reducing agent tank 
system heaters. 


kés place oven long period of 
ol 


e Polypropylene foam insulation — the insulation 


When filling the reducing agent tank, a sufficiently large expansion volume is necessary for the 
reducing agent in the tank. Only the intended containers and filling systems guarante the correct 
filling speed and prevent overfilling the tank. These containers ensure that all gases from the tank are 
trapped in the containers and do not enter the atmosphere. 


Always use the VAS 6542 bottle to ensure correct filling of the tank. 
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Reducing Agent Delivery Module 


The reducing agent delivery module is secured with locking lugs in the tank mache a focking ring on the upper side 
of the tank. The follgwing components are integrated into the delivery module: 


Reducing Agent aacveing Agent PumpV437 
Reversing Valve = 
N473° 


Connection for the Delivery 
Line for Reducing Agent to 


Reducing Agent =, the Injector 


Metering System- 
Pressure Sensor G686 Ss 
a Rèducing Agent Reservoir 
Sensor G697 and 
* Reducing Agent Temperature 
’ Sensor G685 


Electrical Connection - 
Reducing Agent Pump 
Heater Z103 


Locking Ring 


Electrical Connection - 
Reducing Agent Resevoir 
Sensor G685 





S$424_024 


Rear View View from Below 


Reducing 
Agent Metering 
System Pressure 










SensorG686 

Reducing Agent 

Reversing Valve 

N473 s 
Reducing Agent S424_054 Filter 
Pump V437 


Delivery Unit 


. $424_053 


Locking Lugs 
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Delivery Unit %, 
D A 
S 5 
g Z 
i 6 
% 
© 
® 
Q, 
Supply Line to Reducing So 
Agent Pump V437 Return Line from Reducing 
Agent Pump V437 œ 


Ə 










Electrical Connection 
for Reducing Agent 
Reservoir a G697 
and Reducing Agent 
Temperture Sensor 


G685 s Locking Ring 


Heater Wires in the Seal 


Suction Lance 
Suction Lance 


Reducing Agent Tank 


Heater Z102 
Delivery Unit 
Reducing Agent 
Flow Direction 
Splash Slot 






S424_005 Reducin g 


Locking L 
ee Agent Tank 


Filter 


The reducing agent is sucked out of what is called the delivery unit via a suction lance and a filter by the reducing 
agent pump. The filter is intended to avoid damage to the SCR system caused by particles of dirt in the reducing 
agent. A heater in the delivery unit ensures that SCR operation is possible even at low exterior temperatures. 

Any reducing agent flowing back from the pump drips back into the delivery unit on the outer side of the suction 


lance. 


The reducing agent enters the delivery unit trom the tank via splash slots. At low temperatures, the splashing 
motion of the reducing agent from the delivery unit thaws out the frozen reducing agent in the tank. 
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Schematic Structure of the Reducing Agent Tank System 













Reducing Agent 
Heater Control 
Module J891 
Reducing 
Agent Pump 
Engine Control Heater Z103 
Module J623 
Reducing Agent 


Reversing Valve 


Reducing 
Agent Pump 
V437 





Filler Neck 
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Resevoir processing l 
unit G698 j 


Reducing Agent 
Line Heater Z104 
Heater Coil 





Reducing Agent 


Return 


Reducing Agent Tank 




















. Filter Heater Z102 
Reducing Agent Reducing Agent 
Reservoir p oa 
Sensor G697 | | 
Reducing p | | | 
Agent Do Ai | | a | 
Temperture Se NL | | 
Sensor G685 NG ) | - 
i | i 
— I 
& # aa 
Reducing S424_018 
‘Agent u 
Injector N474 ov 
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Reducing Agent Pump V437 


The pump for reducing agent is a diaphragm pump. It 
is driven by a brushless direct current motor. 


The pump for reducing agent is integrated into the 
delivery module housing and Is actuated by the 
engine control module. 


Tasks V 


The pump for reducing agent's tasks differ depending 


on the position of the reversing valve: S 
2 


ov Reducing Agent Pump V437 
e When the ignition is switched on and the operating 


= 

P 

O 

8 
conditions for the SCR system are met, the pump a 
delivers the reducing agent from thé tank to the © 
O 
> 
D 

6 

O 





o. Q Control Electronics 
injector at a pressure of approx. 5 bar. Diaphragm Pump 







e When the diesel engine is switched off, it pumps 
the reducing agent out of the delivery line from the 
Injector and back into the tank. $ 


Ó 
© 
Ç 
a O 
How it works . 
© 


$, 
The engine control module actuates the motor with 


a pulse-width-modulated signal. The motor drives, the 
diaphragm pump via a connecting rod. When the OR 
system is active, the reducing agent is sucked out of rags 


the tank via the diaphragm pump and is pumped into 
the delivery line. 


S424_046 


Effects in the event of failure 


If the pump for reducing agent fails, the SCR system 
is unable to function. 


The exhaust malfunction indicator lamp K83 (MIL) 
and the diesel exhaust fluid® warning display for 


eye faults in the dash panel insert display are Diaphragm Pump 
switched on. S424_050 
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Reducing Agent Metering System 
Pressure Sensor G686 


The pressure sender for reducing agent metering 
system Is attached to the delivery module. It 
determines the current for the reducing agent 
delivery pressure and transmits a voltage signal to 
the engine control module. 


Reducing Agent 
Metering System 
Pressure Sensor G686 


Signal Use 


Based on the signals, the engine control module agen 


calculates the reducing agent pressure In the è to 
the injector. This enables the engine çorífrol module 
to regulate the pump motor’s srogi and adapt the 
pump's required delivery rate. 





Effects in the event of failure 


If the signal from the pressure sender for reducing 
agent metering syste fails, reducing agent metering 
is switched off. The SC oR system is unable to 
function. The exhaust. emissions warning lamp K83 
(MIL) and the diesel exhaust fluid warning display 

for system faults in the: A panel insert display are 
switched on. 7 





Voltage signal (V) 






S424_065 


S424_065 





Voltage-pressure chart 
(transmission function) 


3,0) 
4,5 
4,0 


3,0 
2,0 


1,0 
12 
0,0 
-1 0 1 2 3 4 5 6 67? a 9 


Reducing agent pressure{bar) 5424 022 
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Reducing Agent Reversing Valve 
N473 


The reversing valve for reducing agent Is a 4/2-way 
directional control valve. It is integrated into the 
reducing agent delivery module. 


Task 


When the diesel engine Is switched off, the reversing 
valve for reducing agent reverses the direction of 
reducing agent delivery. As a result, the reducing 
agent Is returned from the delivery line to the 
reducing agent tank. This precautionary measure 
prevents the reducing agent from freezing in the 
delivery line and In the Injector at low exterior 
temperatures. 
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Reducing Agent Reversing Valve N473 
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How it Works 

When the diesel engine is switched off, the reversing The pump motor, which only rotates in one direction, 
valve for reducing agent reverses the direction È pumps the reducing agent from the delivery linésback 
of reducing agent flow. To achieve this, the lifting into the reducing agent tank. 25 


magnet is actuated via a coil. The coil is actuated 
by the engine control module. Via a guide plate, 
the lifting magnet then switches the valveco the 
“emptying” position. S 
"Delivery" Position © "Emptying" Position 


Reversing Valve for -~ Pump for 
Reducing Agent 2 Reducing Agent 





To the Delivery Line/ ft PRAVE From the J S424_086 
Injector From the Delivery Line Returm tothe 

Reducing Agent Reducing Agent 

Tank Pump Motor Tank 


Effects in the event of failure 


In the event that the reversing valve for reducing agent fails, the reducing agent may possibly freeze in the 
delivery line and in the injector at low exterior temperatures. 


If the valve remains in the “emptying” position, pressure build-up in the system is not possible. The exhaust 
emissions warning lamp K83 (MIL) and the AdBlue® warning display for system faults in the dash panel insert 
display are actuated. 


M . 
The process for emptying the delivery line takes approx. 60 seconds. The vehicle battery must 

~ not be disconnected during this time, as the risk of reducing agent freezing in the delivery line at 

low exterior temperatures may occur. 
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Reducing Agent Reservoir Terien Agent 
` ` Reservoir processing 
Processing Unit G698 unit G698 


The reducing agent level sender is a sensor with four 
stainless steel level sensors. It is located directly in 
the delivery unit. 





The evaluation unit evaluates the signals from the 
reducing agent tank sender and transmits a pulse 
width-modulated signal (PWM signal) to the engine 


ons 
control module. It is secured externally, to the top of ow 
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Working Electrode 


The four stainless steel level sensors serve the n i 
Upper Level 


evaluation unit as operating and reference electrodes. 


Ref Electrod 
eference Electrode Working Electrode 


Working Electrode "Middle Level" 
"Lower Level" 
S424 036 
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How it Works 


The electrical conductivity of the reducing agent The resistance between the two measuring sensors 


between the fluid level sensors (working electrodes) changes due to the presence and absence of 


and the reference electrode is used to determine the _othereducing’agemt This change In resistance Is 
Vow registered by the evaluationynit and Is processed 


tank's fluid level. 280) 
or as a signal for the engine controkmodule. ’ ‘Splash 
At short intervals, the evaluation unit apes ah. conditions” are electronically ' dampened” by the 
alternating voltage to the working electrodés and the evaluation unit. sa 
reference electrode. Š k 
S Refilling is detected by the system after a dela y due 
An electrical current is able to flow between two to the “electronic damping“ 5 
fluid level sensors (working electrode and reference By 
electrode) when both are immersed | In the reducing In order to point out to the driver that reducing agent 
agent. i should be replenished in the event of low fluid lévels, 
a the engine control module transmits a signal to the 


Based on the electrical conductivity, the evaluation control module in Instrument Cluster Control Module 


ou 





wn 
unit determines whether the luio IS above or J239 2 
below the relevant measuring sensor. = 
8 Instrument Cluster = 
Ç Control Module 2 
O, J285 = 
6. F 
PWM Signal 
LILI 














- + À 
Reducing Agent 
Resevoir Processing 
YV Unit G698 
Auxiliary Resistors 
|) | | 2) 
Auxiliary Electrode W/E Engine Control Module (ECM) J623 
Reducing 
a Agent S424_045 

Working electrode 
"Lower Level" Working electrode 


Workingtiectode. “oO 


"Middle Level" 
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Warning Example for Declining Fluid Level 


If the fluid level falls below the “middle level” measuring sensor, the evaluation current between the “middle 
level” working electrode and the reference electrode no longer flows via the reducing agent medium but via 

the auxiliary resistor belonging to the “middle level” working electrode. The current also flows via the relevant 
auxiliary resistor in the case of the “upper level” working electrode. The current flows via the reducing agent 

in the case of the “lower level” working electrode. The auxiliary resistor’s resistance is many times higher than 
that of the reducing agent. From this changed resistance value, the evaluation unit recognises that the fluid level 


has fallen below this level. This signal is processed by the evaluation unit and transmitted to the engine control 
module. 


In order to point out to the driver that reducing agent should be replenished in the case of this level, the engine 
control module transmits a signal to the control unit in dash panel insert. In the dash panel insert display, the 

driver is requested to fill uo with fluid via a warning lamp, and the remaining range which can still be covered is 
displayed. Ihe remaining range is calculated by the engine CONT SIE an G coo 





h 
ao vt Gy, 


a . _ nee ee I: PS 
The auxiliary resistors also serve to diagnose open cirgùits and to check plausibility. The measurind@sprinciple does 


i à ë : $ A 

not function in the case of frozen reducing agent, 6 no reliable resistance value can then be determined. 
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; Control Module = 
Working Electrode Reducing Agent 





"Middle Level" Reservoir Processing 


Unit G698 


Working Electrode 


"Lower Level" 
So aud BE $224,056 
Reducing Engine Control Module (ECM) 3623 
Reference Electrode Agent 
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Effects of Signal Failure 
If the tank sender signal fails, the reducing agent tank's fluid level cannot be registered. However, the SCR 


system remains active. The diesel exhaust fluid warning display for a system fault lights up in the display and the 
exhaust Malfunction Indicator Lamp (MIL) K83 is switched on. 


90 


Exhaust freatment 





Reducing Agent Heater System 


Due to the possibility of the reducing agent's freezing at layy.exterior temperatures, the reducing agent tank, the 
pump for reducing agent and the line to the injector are each equippedwith, a heater. 


The heater system enables rapid SER system operational readiness in the event of frozen reducing agent and 
ensures an adequate quantity ofthawed reducing agent at all operating points.. Qe, 


Reducing Agent Heater 
Control Module J891 


an Agent Heater Control 
Module J891 = 


The control unit for ređucing agent heater controls 
the electrical power supply for the SCR system's 
heaters. It is located on the upper side of the 
reducing agent tank and Is actuated by the engine 
control module. T 





b Reducing Agent Heater 2 
Engine Control Module:{ECM) J623 Control Module J891 Battery 


SOs n 
TE B A 

















$424_071 
Reducing Outside Air Reducing Agent Reducing Reducing AGent 
Agent Temperature Tank Heater Agent Pump Line Heater 
Temperature Sensor G17 Z102 Heater Z103 Z104 
Sensor G685 


Design 


The engine control module recognizes the reducing agent's heating requirements from the Outside Air 
Temperature Sensor G17 and the Reducing Agent Temperature Sensor G685. 

It then actuates the Reducing Agent Heater Control Module J891, which activates the electrical power supply for 
the heaters. The engine control module receives feedback regarding the electrical heater current actually flowing 
from the Reducing Agent Heater Control Module J891. 
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The control unit for reducing agent heater activates the SCR system's heaters. 
The heater control system is sub-divided into two heater circuits. 


Heater Circuit 2 


Activation If the temperatures in the ambient air are 
less than —5 °C (23 °F), the heater for 
pump for 
reducing agent and the heater for 
reducing agent line are activated via the 
control unit for reducing agent heater by 


Heating Period Pilemperawihes below > (125 e 
far Thawing heating period is approx. 100 seconds, 

S increasing to 21 minutes at tempera- 
tures of -25 °C (-13 °F). 
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Effects of Signal Failure 


If the control unit for reducing agent heater fails, the reducing agent may freeze at low exterior temperatures. The 
exhaust emissions warning lamp K83 (MIL) is switched on. 
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"Whole 


Re a? Agent Tank Heater 2102 


es, IN Mt or; 


The heater tor reducing agent tank is a heater 
element with a PTC resistor. PTC resistors have their 
highest conductivity when cold. They have a positive 
temper ture coefficient (PTC). This means that 
their resistance | increases as the temperature rises, 
leading tœa reduction in the flow of current. 

Xe 


one NER element IS cast In eee ani IS Ga 





the final output stage. "tage 


Task 


The heater for reducing agent tank has the task 
of heating the reducing agent in the delivery unit Reducing Agent Tank Heater Z102 
in the case of low exterior temperatures or low 
temperatures in the reducing agent tank, in order to 
enable metering readiness for the SCR system in a 
short space of time. 





S$424_020 


How it Works 


If the temperatures in the tank or in the ambient air 
are less than —7 °C (19 °F), the heater for reducing 
agent tank is activated via the final output stage by 
the engine control module. 


Effects of Signal Failure 





$424_037 
If the control unit for reducing agent heater fails, Heater Element 


the reducing agent may freeze at low exterior 
temperatures. The exhaust malfunction indicator 
lamp K83 (MIL) is switched on. 
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Reducing Agent Pump Heater 2103 


The reducing agent pump heater Is also a heater 
element with a PTC resistor. PTC resistors reveal 
their highest conductivity when cold. They have a 
positive temperature coefficient (PTC). This means 
that their resistance Increases as the temperature 
rises, leading to a reduction in the flow of current. 


The heater element is cast into the delivery module 
and is located in the area of the pump for reducing 
agent, the reversing valve and the connection to the 
delivery line. The heater for pump for reducing agent 
is actuated by the engine control module via the final 
output stage. 


Task 


nO V Iks e 
Aw. VO DIK 


agen Ac 


The heater for pump for, reduiGing agent fas the — ` does p 
task of heating the; A agent in the area of the 
pump for reducing agent, the reversing valve and 

the connection to the delivery line in the event of 

low exterior temperatures. This ensures reliable SCR 
systenoperation even at low exterior temperatures. 


How it Works 


If the temperature of the ambient air is less than -5 
°C423 °F) the heater for pump for reducing agent 

IS activated via the final output stage by the engine 
conttol module. 
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Heater Surfaces 





Contacts for 
Heater Connection 





S424 035 
V Contacts for 
Q Heater Connection 


Effects of Signat Failure 

If the control unit Por reducing agent heater fails, 
the reducing agent may freeze at low exterior 
temperatures. the exhaust malfunction indicator 


lamp K83 (MIE) is switched on. 
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Reducing Agent Line Heater Z104 


The heater for the reducing agent line is a stainless steel resistor wire. The resistor wire is wound In the form of 
a spiral around the delivery line and is protected from the outside by a plastic tube. The heater for reducing agent 
line is actuated by the engine control module via the control unit for reducing agent heater. 


Heater Wires- 
Reducing Agent Line 


Film 
Outer Protective Sleeve 








From the Pump To the 
for Reducing y Injector 
Agent 

S424 044 
Task c How it works 
The heater for reducing agent line has the task of If the temperature of the ambient air is less than 
heating the reducing agent in the delivery line to the Saye (23 FW ter cuar theliijame§ for 
injector in the event of low exterior temperatures. reducing agent line is activated via the contro! unit for 
This ensures reliable SCR system operation even at reducing agent heater. | 


low exterior temperatures. 


Effects in the event of failure 


If the control module for reducing agent Heater 

fails, the reducing agent may freeze at low exterior 
temperatures. The exhaust malfunction indicator “Ag, 
lamp K83 (MIL) is switched on. - 
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Reducing Agent Temperature Sensor G685 


The temperature sender for the reducing agent is 

a sensor with a negative temperature coefficient 
(NTC). Itis located in the housing of the reducing 
agent tank sender and measures the temperature of 
the reducing agent in the delivery unit. 


Signal use 


The engine control module uses the signal from the 
reducing agent temperature sensor to switch on the 
heater for the reducing agent tank and the heater for 
pump for reducing agent. 





S424_056 


Reducing Agent 
Temperature Sensor G685 


agen AG. Volkswagen AG as 
es 


How it works 


Q 


The temperature sender is aTesistor wire with a 


negative temperature coefficient (NTC). This means 
that the sensor's electrica? resistance decreases as 
the temperature of the réducing agent increases. 
The engine control modyle uses the resistance signal 
to calculate the current temperature of the reducing 
agent. ® 


e 


al purpos 


Effects of signal failure 


excl 


€ 
S 
The exhaust emissions warfting lamp K83 (MIL) and 
the diesel exhaust fluid warning display for system 
faults in the dash panel insert display are switched 
Q 
on. % 


A 
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Reducing Agent System 
Instrument Cluster Display 


Radio WJR 4 | A a 
ae oia piay for the Ree ING agent ayer is located Sase Ai Refill AdBlue! 
in the instrument cluster display. It illuminates to AdBlue! 
prompt the driver to add reducing agent or provide eee 
warning when problems develop in the system. 


13486 mi 356.2 | 14986 mi 1856.2 
D4 TAk D4 +71°F 


Federal standards require that the vehicle not start 

under the following conditions: 

e There is not enough reducing agent In the tank 

e Reducing agent metering (injection) is not possible 
due to system errors 

e The reducing agent quality is inadequate 

e There are deviations in the reducing agent 
consumption (leaks) 
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Exhaust Gas After- Treatment Display Strategy 


gen AG. Vo olkswagen AG 
If the reducing agent quantity in the tank drops below a c certajofill fevel, the driver is prompted to add reducing 


agent by three warning stages. o oe Rap 


Remaining Acoustic . i 
Driver Instructions 
Range Warning 


< 1500 mi Perea = These instructions with the white filling bottle appear when the reducing agent 


(2400 km) eee i quantity is only sufficient to drive for the remaining range specified in the text. 


AdBlue! 


3 


The driver is prompted to refill reducing agent. An acoustic warning signal 
sounds as an additional alert. 


13486 mi EL) 
D4 +71°F 


< 600 mi (1000 1 x warning Perea ae =f These instructions with the yellow filling bottle appear when the reducing agent b 


km) buzzer aea quantity is only sufficient to drive for the remaining range specified in the text. 


No Engine Start The driver is prompted to refill reducing agent. Additionally, the driver is notified ; | 


in 600 mi! 
cians that, after the remaining driving range, it will no longer be possible to start the 


14986 mi 1856.2 


D4 s vehicle once the engine is turned off. An acoustic warning signal sounds as an © 


additional alert. à 


3 x warning Peat J These instructions with the red filling bottle appear when there is no more = 
. > 


buzzer Refill AdBlue! 


Engine Start A Pa and prompted to refill reducing agent. Three successive warning 
Not Possible r 


reducing agent left in the tank. The driver is notified that engine start is not 
O 


‘Signals sound as an additional alert. 
15586 mi 2456.2 % 
P +71°F 
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The Use of Incorrect Reducing Agent 


If the reducing agent tank is filled uo with a medium other than reducing agent diesel exhaust fluid, the NOx 
sensor can detect a reduced DeNox catalytic converter efficiency. In this case, the driver is notified as follows in 


the instrument cluster displays. 


Remaining Acoustic 
Dash Display Driver Instructions 
Range Warning 


These instructions with the red filling bottle appear when it 

is only possible to drive for the remaining range specified in 
the text. The driver is notified that, after the remaining driving 
range, It will no longer be possible to start the vehicle once the 
engine is turned off. 
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< 600 mi 
(1000 km) 





1 x warning 


buzzer 


3 x warning 


buzzer 


Note: 


Check AdBlue! 


No Engine Start 
In 600 mi! 


E P 
P +71°F 


Check AdBlue! 


Engine Start 
not Possible! 


15586 mi 2456.2 
P +71°F 


The driver is prompted te visit the nearest qualified workshop. 
An acoustic warning signal sounds as an additional alert. These 
instructions with the redtilling bottle appear when incorrect 
tilling has been detected. The driver is notified that it will no 
longer be possible to start the vehicle once the engine Is turned 
off and prompted to-visit the nearest qualified workshop. Three 
successive warning:signals sound as an additional alert. 





When this information appears in the Touareg instrument cluster display, at least two 0.5 gal. 
(1.89 liter) diesel exhaust fluid refill bottles must be added to the tank. With this reducing agent 
quantity and after a waiting time of approximately two minutes, the system recognizes refilling 
and the engine can be started again. The graphical representations of the displays and filling 
quantities refer to Touareg. In other models, the displays and filling quantities can differ. 


Exhaust freatment 





Dealing with Reducing Agents 


Note: 
.. For the Customer 
Please observe the current operating 
instructions when handling the diesel 
exhaust fluid refill bottle as well as the 
vehicle labels indicating Its use. 





When driving a lot under load (mountain driving, 
trailer operation), the reducing agent consumption 
can rise. Therefore, the low reducing agent display in 
the instrument cluster may come on earlier. In this 
case, provisions are made that allow the customer 
to refill the diesel exhaust fluid independently be 
pouring in two diesel exhaust fluid refill bottles (0.5 
gal [1.89 liters)]). 


The diesel exhaust fluid is available at a Volkswagen 
dealer and at some designated gas stations. For 
refilling purposes, an adapter must be screwed onto 
the diesel exhaust fluid refill bottle. After opening 
the diesel exhaust fluid refill bottle, the bottle can penasen AC-NEISNAIEN AG ag 
screwed onto the filler neck of the reducing agent 
tank. wo 

es 
The valve in the adapter opens asa au of the 
pressure acting on the bottle and the reducing agent 
can flow into the active tank. The displaced gases In 
the reducing agent tank enters the ventilation system 
of the reducing agent tank. At the beginning of the 
cold season, the tank should always be filled with 
reducing agent. This ensures that the contents of the 
tank last throughout the cold part of the year. 
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... for the Workshop 
The reducing agent tanks must be refilled either To refill the system, the reducing agent filling 
when the customer Is prompted or at regular equipment VAS 6542 is screwed onto the filler neck 
scheduled service Intervals. To determine the correct of the reducing agent tank and the reducing agent 
service interval, please refer to the owner's literature container. A ventilation line is integrated in the filling 
for the vehicle. line, which ensures the ventilation of the reducing 
agent tank and the container. 
wage" AG. Volkswagen AG do 
os Si 
— Nar. 
KY Please note that, the container must hang at least 
& 28 in. (700 mm) above the filler neck of the reducing 
Ò agent to ensure reliable filling. 
& ©, 
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Glossary 





Glossary 


Diesel Exhaust Fluid (Reducing Agent) 


Diesel Exhaust Fliud describes a reducing agent that 


Is mixed to the exhaust gas to reduce certain CANALI Y 


emissions. It is a non-hazardous solution. 
May be sold under the brand name AdBlue® >` 
Diesel Exhaust Fluid Refill Bottle 


It is a refill bottle for the reducing agent diesel 
exhaust fluid, which has a special cap. 


DeNox Catalytic Converter 


The description DeNox stands for “nitrogen oxide 
reducing. During this chemical reaction, not all of 
the exhaust gas components, but only the oxides of 
nitrogen are reduced. d 


Q 


Piezo 


Piezo is derived from Greek and means to “squeezes, 
A special crystal is used that generates a measurable  ®4 


voltage in response to pressure. Alternately, when a 
voltage is applied, the length of the crystal changes. 
This effect is utilized in common rail injection 
elements. 


PSG 


This abbreviation stands for “Pressure Sensor Glow 
Plug.” It refers to a glow plug that is also able to 
sense the pressure on the inside of a cylinder. 
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Reed Contact 


It is a Speciabiswiteh, that Operates contact-tree. The 





WXőntact is operated by a magnetic field acting from 


the outside, which is electrically Generated by a 
permanent magnet (reed contact) positioned nearby 
or In an associated solenoid coll. © 


Reducing Agent Metering System Control Module 
J880 5; 


It is wired discretely and responsible for the heater: 
of the diesel exhaust fluid systems, which we also= 
refer to as power output stage for the tank heating = 

Sy Se ie Q 


Oxides of Nitrogen 


The general chemical term stands for nitrogen fa 
oxygen compounds. (NO, NO2) They are formed 
in the engine during the combustion processes 


an are partly responsible for causing harm to the 








Knowledge Assessment 





An on-line Knowledge Assessment (exam) is available for this Self-Study Program. 


The Knowledge Assessment may or may not be required for Certification. 


For Assistance, please call: 


You can find this Knowledge Assessment at: 


www.vwwebsource.com 


Volkswagen Academy 
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Cautions & Warnings 


Please read these WARNINGS and CAUTIONS before proceeding with maintenance 
and repair work. You must answer that you have read and you understand these 
WARNINGS and CAUTIONS before you will be allowed to view this information. 


e If you lack the skills, tools and equipment, or a suitable workshop for any procedure described in thissmanual, we 
suggest you leave such_repairs to an authorized Volkswagen retailer or other qualified shop. We espécially urge 
you to consult an authorized Volkswagen retailer before beginning repairs on any vehicle that may still be covered 
wholly or in part by any of the extensive warranties issued by Volkswagen. 


e Disconnect the battery negative terminal (ground strap) whenever you work on the fuel system or the electrical 
system. Do not smoke or work near heaters or other fire hazards. Keep an approved fire extinguisher handy. 


e Volkswagen is constantly improving its vehicles and sometimes these changes, both in parts and specifications, 
are made applicable to earliersmodels. Therefore, part numbers listed in this manual are for reference only. Always 
check with your authorized Volkswagen retailer parts department for the latest information. 


e Any time the battery has been disconnected on an automatic transmission vehicle, it wilbbe necessary to 
reestablish Transmission Control Modulég TCM) basic settings usipg, the VAG 1551<Scan Tool (ST). 
Aa, 
e Never work under a lifted vehicle unless it is solidly’supported on stands designed for the purpose. Do not support 
a vehicle on cinder blocks, hollow tiles or other props that may crumble under continuous load. Never work under a 
vehicle that is supported solely by a jack. Never work under the vehicle while the engine is running. 


e For vehicles equipped with an anti-theft radio, be sure of the correct radio activation code before disconnecting the 
battery or removing the radio. If the wrong code is entered when the power is restored, the radio may lock up and 
become inoperable, even if the correct code is used in a later attempt. 


e If you are going to work under a vehicle on the ground, make sure that the ground is level. Block the wheels to 
keep the vehicle from rolling. Disconnect the battery negative terminal (ground strap) to prevent others from 
starting the vehicle while you are under it. 


e Do not attempt to work on your vehicle if you do not feel well. You increase the danger of injury to yourself and 
others if you are tired, upset or have taken medicine or any other substances that may impair you or keep you from 
being fully alert. 


e Never run the engine unless the work area is well ventilated. Carbon monoxide (CO) kills. 


e Always observe good workshop practices. Wear goggles when you operate machine tools or work with acid. Wear 
goggles, gloves and other protective clothing whenever the job requires working with harmful substances. 


e Tie long hair behind your head. Do not wear a necktie, a scarf, loose clothing, or a necklace when you work near 
machine tools or running engines. If your hair, clothing, or jewelry were to get caught in the machinery, severe 
injury could result. 


e Do not re-use any fasteners that are worn or deformed in normal use. Some fasteners are designed to be used 
only once and are unreliable and may fail if used a second time. This includes, but is not limited to, nuts, bolts, 
washers, circlips and cotter pins. Always follow the recommendations in this manual - replace these fasteners with 
new parts where indicated, and any other time it is deemed necessary by inspection. 


i 
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Cautions & Warnings 


e Illuminate the work area adequately but safely. Use a portable safety light for working inside or under the vehicle. 
Make sure the bulb is enclosed by a wire cage. The hot filament of an accidentally broken bulb can ignite spilled 
fuel or oil. 


e Friction materials such as brake pads and clutch discs may contain asbestos fibers. Do not create dust by 
grinding, sanding, or by cleaning with compressed air. Avoid breathing asbestos fibers and asbestos dust. 
Breathing asbestos can cause serious diseases such as asbestosis or cancer, and may result in death. 


e Finger rings should be removed so that they cannot cause electrical shorts, get caught in running machinery, or be 
crushed by heavy parts. 


e Before starting a job, make certain that you have all the necessary tools and parts on hand. Read all the 
instructions thoroughly; do not attempt shortcuts. Use tools that are appropriate to the work and use only 
replacement parts meeting Volkswagen specifications. Makeshift tools, parts and procedures will not make good 
repairs. 


e Catch draining fuel, oil or brake fluid in suitable containers. Do not use empty food or beverage containers that 
might mislead someone into drinking from them. Store flammable fluids away from fire hazards. Wipe up spills at 
once, but do not store the oily rags, which can ignite and burn spontaneously. 


e Use pneumatic and electric tools only to loosen threaded parts and fasteners. Never use these tools to tighten 
fasteners, especially on light alloy parts. Always use a torque wrench to tighten fasteners to the tightening torque 
listed. 


e Keep sparks, lighted matches, and open flame away from the top of the battery. If escaping hydrogen gas is 
ignited, it will ignite gas trapped in the cells and.cause the battery to explode. 


e Be mindful of the environment and ecology? Before you drain the crankcase, find out the proper‘way to dispose of 
the oil. Do not pour oil onto the ground,.down a drain, or into a stream, pond, or lake. Consult localordinances that 
govern the disposal of wastes. 


e The air-conditioning (A/C) system ts filled with a chemical refrigerant that is hazardous. The A/C system-should be 
serviced only by trained automotive service technicians using approved refrigerant recovery/recycling equipment, 
trained in related safety precautions, and familiar with regulations governing the discharging and disposal ‘of 
automotive chemical refrigerants. 


e Before doing any electrical welding on vehicles equipped with anti-lock brakes (ABS), disconnect the battery 
negative terminal (ground strap) and the ABS control module connector. 


e Do not expose any part of the A/C system to high temperatures such as open flame. Excessive heat will increase 
system pressure and may cause the system to burst. 


e When boost-charging the battery, first remove the fuses for the Engine Control Module (ECM), the Transmission 
Control Module (TCM), the ABS control module, and the trip computer. In cases where one or more of these 
components is not separately fused, disconnect the control module connector(s). 


e Some of the vehicles covered by thismanual are equipped with a supplemental restraint system (SRS), that 
automatically deploys an airbag in the event of a frontal impact. The airbag is operated by an exploSive device. 
Handled improperly or without adequate safeguards, it can be accidentally ¢ activated and cause serious personal 
injury. To guard against personal injury or airbag system failure, only traimed’ Volkswagen Service technicians 
should test, disassemble or service the airbag system. a 


aay 
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Cautions & Warnings 


Do not quick-charge the battery (for boost starting) for longer than one minute, and do not exceed 16.5 volts at the 
battery with the boosting cables attached. Wait at least one minute before boosting the battery a second time. 


Never use a test light to conduct electrical tests of the airbag system. The system must only be tested by trained 
Volkswagen Service technicians using the: WAG 1551 Scan Tool (ST) or an approved equivalent. The airbag unit 
must never be electrically tested while it is not installed in the vehicle. 


Some aerosol tire inflators are highly flammable. Be extremely cautious when repairing a tire that may have been 
inflated sing an aerosol tire inflator. Keep sparks, open flamecor other sources of ignition away from the tire repair 
area..Inflate and deflate the tire at least four times before breaking the bead from the rim. Completely remove the 
tire-from the rim before attempting any repair. 


e When driving or riding in an airbag-equipped vehicle, never hold test equipment in your hands or lap while the 
vehicle is in motion. Objects between you and the airbag can increase the risk of injury in an accident. 


| have read and I understand these Cautions and Warnings. 


_oK | 
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